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THE LATE GEORGE ARCHIBALD DOUGLAS 
i STUART, LC.S. 

The death of Mr. G. A. D. Stuart, I.C.S., Director of Agriculture, 
Madras, came as a severe blow to the D,ppartment which he has so 
ably directed during the last 5 years and to his many friends in 
India. Mr, Stuart, who was bom on 1st December, 1879, was the 
son of Mr, G. H. Stuart, a former Director of Public Instruction, 
and the nephew of Sir Harold Stuart. He was educated at 
Weymouth School and Emmanuel College, Cambridge. He joined 
the Indian Civil Service in the year 1902, his first post being that of 
Assistant Collector of Pollachi Division in the Coimbatore District. 
Thereafter he was engaged in Settlement work in the Salem District 
and also in the districts of Chingleput and North Arcot. In 1911 
he acted as Director of Agriculture for a short period, and received 
the permanent appointment in 1916, on the transfer of Mr. D. T. 
Chadwick to the post of Indian Trade Commissioner in London, 
which he held to the date of his death. To follow two Directors of 
the calibre of Mr. M. E. Couchman aird Mr. D. T. Chadwick was no 
light task, but Mr. Stuart soon established himself in the confidence 
and affection of the members of his Department, and the pleasant 
relations which existed between them continued to the end. He 
officiated for Mr. Mackenna in the post of the Agricultural Adviser 
to the Government of India for six months in 1919. Mr. Stuart’s 
popularity was not confined to Madras and he was a genuine 
favourite with all the members of the Department throughout India, 
He was one of the ablest and most popular members of the Board 

( 3^972 • 
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of Agriculture wliere liis practical commonseuse combined ivitli a 
genuine confidence in his Department earned him the respect of 
every one. 

The afiection and esteem in which Mr, Stuart was lield by the 
members of the Madras Agricultural Department lias lieeu admiral)]}' 
summarized by one of them as follows : — “ Plis sympathy for the 
Madras Agricultural Department was whole-li carted. He nm-er 
promised if he saw no chance of performing. If he promised io 
lielp, he helped to the best of his ability and never spared himself. 
He never took credit that was due to another.” 
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SOME COMxMON INDIAN BIRDS. 


No. 13. THE INDIAN HOUSE-SPAEROW 
iPASSER D0ME8TIGUS INDIGUS). 

BY ■ 

T. BAINBRIGGE FLETCHER, R.N., P.L.S., P.B.S., P.Z:8., 

Imperial Entomologist; 

• m 

AND.; 

C. M. INGLIS, M.B.O.U., F.E.S., P.Z.S. 

The Indian House-Sparrow needs little introduction to our 
readers, as it is only too fannliar througliout India, occurring 
abundantly in all towns and by no means uncommonly in all 
country districts. The Indian race differs slightly from the form so 
familiar in Europe in being usually much whiter about the sides of 
the head and in having more black below the eye and at the base 
of the cheeks, so that the Eastern form looks more brightly coloured 
than the Western, but these characters vary considerably and the 
Indian race is not now considered as more than a local form of the 
European species. However, as Hume says, “ Wliat is in a name ? 
Call him domesticus or indicus, it doesn’t alter his depraved nature, 
does not make him one whit less detestable — only there is a certain 
lucus a non luoe-ndo sarcasm involved in the Linnean name that 
aggravates. , 

“If domesticity consists in sitting upon the punkah-ropes 
all day, chit, chit, chit, chittering ceaselessly when a fellow wants 
to work, banging down in angry conflict with another wretch on 
to the table, upsetting the ink, and playing old Harry with 

( 3 ) 
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everything, strewing one’s drawing-room daily witli straw, fcatliers, 
rags, and every conceivable kind of rubbish in insane attempts to 
build a nest where no nest can be— -if, I say, these and fifty siniiiar 
atrocities constitute domesticity, heaven defend us from this 
greatly lauded virtue, and let us cease to preach to our sons th.e 
merits of domestic wives ! C’onceive a -wife evincing similar 
tendencies! Why, there isn’t a Jury in the coinitry who wmdd 
not return a verdict of ‘ sarve her right,’ even if tlie unhappy 
husband sbould have wrung her neck before the golden lioneymooi) 
had rim out.” 

llie above condemnation of the Sparrow is certainly sweeping 
but there is no doubt that this bird must be rcganled as a tleeided 
pest of all well-ordered households in a country such as lialia, 
where the numerous open doors and w'indows afford easy entmnce 
and exit and the lofty rooms and verandahs, ivith their heavy 
projecting cornices and numerous chinks and d evices, provide the 
Span'OAV with such a convenient variety of suita])Ie nesl ing-places. 
Noisy, pugnacious and untidy will perhaps sum up tlie cliaraeter 
of this bird. CWning, crafty, hardy, and well-nigli omnivorous, 
it has become a parasite of the human race and is well described 
by the epithet of “ the avian rat,” flourishing especially in kx-alities, 
such as towns, where human activities have upset the uorunii 
balance of Nature and destroyed or driven away tlio natural 
checks, especially the birds of prey wbicb help fo reduce the 
numbers of this bird in rural areas. 

In Europe, America and Australia the House-spai'row is justl}' 
regarded as a very serious pest of growing crops and, althmigh 
relentless persecution is carried on and its numhers kept in chock, 
it is still able to inflict annually loss and damage t hat can only be 
reckoned in millions of pounds. In India, things are not quite 
so bad mainly because the Sparrow is kept in <rheck by natural 
causes except in large towns. Not only do its disorderly and noisy 
habits make it an active nuisance in and around bouses, but its 
food consists largely of vegetable matter acquired at the expense 
of its rightful human owners. Mr, Mason examined the 
stomach-contents of eight bitds at Pusa and Mr. d’Abreu of eight 
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others at Nagpur and in all cases they were found to contain seeds 
of various grasses, including cultivated forms such as rice and oats ; 
none of the birds from Nagpur contained any insects and of the 
eight from Pusa only two contained, between them, two small 
weevils and another small beetle. The young nestlings, it is true, 
are fed largely on an insect diet, composed chiefly of caterpillars', 
but as the young grow older the proportion of insect food given 
them is diminished until, when they are about three weeks old, 
their diet is made up almost wholly of grain. The same story is' 
revealed in Australia, whither this bird has been introduced 
with the unfortunate results so often encountered in the case of 
introduced animals and plants and in a Bulletin on “ The Pood 
of Australian Birds ” we read that, of 127 Sparrows examined, 
sixty-four birds contained whe^it and rnaize seeds and it is remarked 
that this bird is “ a pest anywhere, in spite of the fact that it eats 
many insects.” Besides grass-seeds and occasional insects, the 
Sparrow does not disdain the smaller fruits and in the nuilberry 
season an extra annoyance is added to its presence in houses 
owing to its partiality for this fruit. 

The nesting season is principally from February to May but 
two or more broods are undertaken annually and breeding 
continues throughout the year, the semi -domesticated conditions 
of this bird’s existence not restricting it to any one season of the 
year. Its nest is a shapeless bundle of straw, grass, rags, wool 
or anything else obtainable, thickly lined with feathers and stufied 
into any available hole or recess in or about houses, walls, old wells, 
etc., or rarely even in the centre of a thick bush. If a tree or a 
climber on a wall be chosen for the nesting site the nest is better 
made and is often a substantial dome-like structure vith the 
entrance at the side, but its position is usually betrayed by 
long untidy pieces of straw left trailing outside. Five or six eggs, 
sometimes even more, are laid at each breeding season, the eggs 
being typically somewhat elongated ovals and but little pointed, 
either greenish, ^greyish, or yellowish-white, marked with close 
frecklings, fi.ne lines or smudgy streaks of duU dingy sepia, olive, 
yellowish or purplish-brown, these markings being sometimes 
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sharply defined, and often shoiving a tendency to fowu a blotchy, 
mottled, ill-defined cap at the larger end. The eggs vary much in 
size but average about 20 mm. long by 15 mm. liroad. 

Besides the natural enemies of the older Inrds, the nestlings 
are attached whilst in the nest by ihe grabs of a fiy, Passefomtjia, 
heterochosta, which lays its eggs in the nest and wlioso liuaai Inirie.s 
its anterior extremity in the skin of the nestling, usually under tiie 
wings or the legs, and sucks its blood. This fiy is widely distributed 
in Africa and has been found in China rmd in India ai Pusa and 
Coonoor.aiid is probably widely distributed in India. The numbers 
of the adult birds are largely kept down in the mofvssil by Imwks 
and probably also by the, Indian \aim])yre Bat {Lyrodemui lym) 
which hunts by night along the hedges in which these birds 
congregate in the evening |o sleep dn flocks, this liabit affoiding 
an opportimity of netting them in quantity when it is desired to 
reduce their numbers. 

The Indian House-sparrow occurs throughout the entire Indian 
Empire and in Ceylon but is not found in the Andamans or Nicobars 
or in the south of Burma. It ascends the Himalayas to moderate 
elevations. It is only too abundant in most parts of its range but 
is rare in some localities. 


CO-OPERATIVE CONSOLIDATION OF HOLDINGS 
* IN THE PUNJAB. 

BY 

H. CALVERT, I.C.S., 

Registrar, Co-operative Societies, Punjab. 

There lias been so much wtitteu about the evils and drawbacks 
of excessive fragmentation of holdings that the subject needs no 
! . introduction. In the Punjab the average holding is somewhere 

between six and fifteen acres ; the actual figure depends on whether 
holdings of less than one acre, and holdings attached to houses, etc ., 
are omitted. This holding is sufhcient to maintain a family in 
I decent comfort if the right crops are grown, if the land is put to the 

best use, if adequate capital is invested and if several other 
conditions are fulfilled. But for these small holdings, it is 
essential that the fields should be concentrated in one place, so 
that the attention, the time, the energy and the intelligence of 
the cultivator may also be concentrated there. In this province, 
however, custom orders otherwise. The land is held by the 
owners of villages either by ancestral shares or by actual 
possession on the ground ' the tendency now-a-days is for an 
s owner’s rights to be measured by the actual area in his possession, 

plus a share in the village common, or to. The universal 

custom is for sons to inherit equal shares, except where there 
are sons by different wives, when it sometimes happens that 
I the sons of each wife inherit an equal share and divide amongst 

i themselves. These shares may be held in common, the brothers 

arranging amongst themselves the fields each shall cultivate or even 
i cultivating in common and sharing the produce, ihere is a strong 

::| ■ 1 7 ) 
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tendency, liowever, for each brother, especially wiien he begets a 
family, to take liis own share as his separate property and to leave 
his brothers alone in the management of their own shares. There ! 

is no custom, such as is found in Europe where the (’ode Napoleon 
is in force, of the elder brother buying out the younger and so 
becoming sole proprietor of the ancestral land. The effect of tliese 
tendencies is for the land to be held in smaller ami smaller pa.rcels ; i 

and, as on partition amongst the heirs each claims and expects to 
get a share in each kind of land, each owner becomes possessed of a 
number of fields scattered throughout the area of the village. In 
those portions of the province where the crops were more secure 
owing to the rainfall beiirg more assured, tliis fragmentation lias 
proceeded to a greater extent than in districts with precarious 
rainfall, where a small scattered holding would m.»t have sufficed to 
maintain a family. Perhaps, this tendency has gojie further in 
Jullundur than in any other district. Juilundur is in the central ' 

Punjab ; its fertility has led to the growth of a large p(*pulation 
pressing heavily on the soil ; the facility with wliich wells can be 
constructed has led to the laud becoming hu'gely dependent <>u 
this form of irrigation ; the forces making for fragmentation I 

have under these circumstances produeetl some startling results. 

In eight villages, the average field dues not exceed oue-fourtli 

of an acre in area ; the 2,549 owners possess 12,800 acres, or ’ 

about five acres each, but these 12,800 acres are divided into : 

no less than 63,492 fields, so that each owner has (m tlie average 

25. fields. In one village, 584 owners own 2,353 acres in 

16,311 fields, the average being one-seventh of an acre. In 

the neighbouring districts of Hoshiarpur and (hirdaspur tlie 

process of fragmentation has resulted in similar eouditious. f 

In the rest of the province, outside the great canal c-olunies, 

somewhat similar features are to be found, though not t<j so 

marked an extent. 

In Jullundur, owing to the successive partition of holdings, | 

shares in wells have also been divided, so that a man may own a S’ 

one-sixteenth of one well, and one-eighth of another and so on. f 

The economic loss due to this syatem may be imagined. I 
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The evils of fragmentation are obvious ; the remedy is not so 
easy to find. It so happens that the three districts mentioned are 
those in which co-operation has made most progress, and in which 
the co-operative spirit has been best developed. It occurred 
to me that a solution along co-operative lines might be found which 
would prove acceptable to the cultivators. To this end, I 
propounded a scheme and discussed it with co-operators and the 
stafi at various meetings ; as a result model by-laws were prepared 
with an explanatory note, and efforts were made to persuade owners 
to give the scheme a trial. It was essential that the experiment 
should rest upon a voluntary basis, for the simple reason that there 
were no powers of compulsion ; at the same time it appeared 
necessary to insert a provision for decision by a majority in case 
one or more owners turned obstructionisi. The scheme put forward 
was as follows : — Each owner had to agree to the desirability of 
consolidation, and to the general idea of repartition of the village 
lands with this end in view ; each such owner had then to agree to 
abide by any plan of repartition approved by two-thirds of all the 
owners ; and further to give up possession of his own lands and to 
accept in exchange the lands allotted to him; all disputes to be 
referred to arbitration ; possession so given was to be cultivating 
possession for four years only, on the expiration of this period, the 
former possession was to be restored unless all the participating 
owners unanimously agreed to retain the new division as 
permanent oAvnership. Persons accepting these conditions could 
form a Co-operative Consolidation of Holdings Society. The 
general meeting would discuss the method of partition and decide 
on the main principles to be observed, such as the kinds of lands, 
the retention of former possession, and whether minor differences as 
to trees, etc., should be made good by money payments, and so on. 
In the case of any difference of opinion, any resolution would 
only be binding if two-thirds of the members approved of it. If 
there were not two- thirds of all the members in favour, then it 
would be necessary to devise some alternative method, or the 
society would dissolve. When a method of partition had been 
decided upon, the managing committee was to proceed to draw 
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up a sclieme of repartition in accordance tliercNvitli. 'Chirt sclieine 
was to be placed before the general meeting ; if two-thirds of ail the 
members accepted it, it would be binding on all, otherwise it was 
to be discarded. If a scheme received the approval pi-cscribed, 
members were bound to give up and accept possession in accordance 
with it. A member, who felt aggrieved, could refer the poiul in 
dispute to arbitration. Members, thus exchanging land, would he 
tenants for four years ; during that period, any, who chose to convert 
this temporary possession into permanent exchange of ownei'ship, 
were at liberty to do so ; and it was intended and hoped that many, 
if not most, would do this before tlie four yeai's elapsed. ^Vt tire end 
of four years, members woidd have to decide whether tliey would 
revert to the former possession or make the now scheme permaueuf; 
or retain the temporary ar»angement for a further period. Failing 
complete unanimity, the fields were to be restoi-ed to tlie foi'mer 
owners, and the society would automatically come to an end at 
the e?xd of five years. The extra year was allowed for the settlement 
of disputes by arbitration. 

Under this scheme, a member <mly bound himself for four 
years ; he agreed to a])ide by the decision of two-thirds of all the 
members as to the mode of partition, and by a similar majority 
as to the actual partition oir the groimd. He could not be deprived 
of bis old fields beyond four years without bis c>wn consent, as an 
unanimous vote was necessary to convert tlie exchange into a 
change of ownership. 

This was the scheme. In placing it ])cfore the people, the staff 
relied upon preaching and persuasion, and not upon the <'leiuent 
of compulsion. The people soon came to see and appreciate the 
advantages, but everyone feared that he, at least, would lose I>y 
giving up his own very precious fields for someone else’s inferior 
ones. It was obvious that if a revolution of tliis natui'e was to bo 
carried through on a permanent basis, everyone must he satisfied , 
and no one must be left discontented. It might be possible to 
repartition one or Wo villages by catching the hesitant over the 
compulsory clauses ; the general idea would fail if there were any 
disgruntled to decry it throughout the neigh])ourhood. 


CONSOLIDATION OF HOLDINGS IN THE PUNJAB 


11 


With, suet considerations in view, the power of compulsion hy 
two-thirds majority has so far never been used ; if anyone objects 
to one plan another is tried and so on until everyone is satisfied ; 
in one case at least the stafi were too anxious for results, and paid 
too little attention to objections with the consequence that the 
owners refused to have the decision ratified when it was placed 
before the Eevenue Officer. 

Now for the accomplishment. The stafi of the Co-operative 
.Department are for the most part sons of actual cultivators, and 
so in sympathy with rural feeling ; the inspectors are now generally 
graduates in economics who study practical applied rural economics 
in the ordinary course of their duties ; they exercise no legal powers 
at all ; they have to rely upon their powers of propaganda and 
persuasion ; they are specially* educated men speaking to their 
brethren with knowledge begotten from careful training. 

In all 69 Societies for the Consolidation of Holdings have been 
registered * ; each society has been organized in a different village, 
but it is not always the whole village that is put to repartition 
at once. Sometimes a block of land is tried as an experiment, 
sometimes a subdivision, sometimes the whole area.f 

In 45 villages complete or partial repartition has been 
concluded, in 39 cases the repartition has been confirmed before 
the Eevenue Officer (mutation has been sanctioned), and the 
change incorporated in the records ; in the remainder, mutation is 
pending until the officer visits the village. The gross result is 
that 1,653 owners, who formerly possessed 8,100 acres in 10,906 
fields, now have this land consolidated into 2,071 fields. 

The reduction in field numbers exaggerates the effect, as in 
many cases an owner had previously two or more fields contiguous ; 
but there can be no doubt that the scattered holdings have been 
changed for solid blocks. The average size of a field before 
consolidation was three-quarters of an acre ; now it is four acres. 
In eleven of these villages, before consolidation, the average size 

* XJ|) to tile end of Se-iitember 1921. 

t It is of sjDecial interest to note that, in several villages where only certain blocks were 
hrst readjusted, the owners of other blocks are now asking for help in readjustment. 
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of a field in each village was not more than half an acre ; now 
it is less than one acre in only one case, and loss than two acres in 
two more. 

Tn nearly all cases, the exchange of ])OHsess!on ha< been madie 
permanent from the start. This was ^lot advo<'ated from iJie feai 
that a measure too revolutionary miglit not be found aceeptabie 
at first. As a matter of fact, when the owners have got so far 
as exchange of possession, the plunge into permanency is i-obltcd <d' 
its terrors. 

Of the economic results, it is too early yet ti> say much. 
Prosperity is irot built up in a day ; l>ut the reports received show 
already some changes. In one village it has been possible to gef. 
rid of a guard (ralcha) over the crops, thus saving a sum equal to a 
considerable proportion of the revenue charged on the land. In 
Ghazikot rents have increased for the compact blocks, as the 
tenants find these more easy to manage, la this village the 
consolidation has created parcels of laud which can lie irrigated 
from a well ; previously fields were on the average three-cpiarters 
of an acre in area, now' the average is over lour acres ; the former 
is too small to justify a well, the latter is large enough to make 
one profitable ; already six new' wells are under eonstruetion. 
Another advantage discovered is that, w'ith larger fields, there is 
much economy of canal w'ater. I'o irrigate a number of j)etty 
scattered fields involves a W'aste of water as it has to be (tarried 
over a number of channels ; wdth a consolidated ludding this 
source of waste diminishes. In another village it is })roposcd to 
plant fruit trees on portions of the new parcels of laud. 

In some cases it has been found that the fields were actually 
too small to make cultivation worth the trouble involved, and 
were left untouched in consequence ; this difficulty has nmv 
disappeared. In one village the owmers, after consolidation had 
given them compact parcels, bought Meston ploughs. These 
ploughs are not handy for the very small fields, but this difficulty 
does not remain when the fields are large. 

Of difficulties much could be written. Every owner fancies his 
ancestral plots are the best and dislikes the idea of exchange ; old 
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men hate to be disturbed, minors require special consideration; 
the very small owners see no advantage, the bigger men have 
sometimes got more than they are entitled to and repartition would 
take this away ; mortgagees oppose any alteration, and occupancy 
tenants fear that their rights will be lost if their possession 
is disturbed ; some owners have migrated in search of work 
and their consent cannot be obtained. All these must be met and 
surmounted with patience and tact. Other difficulties are of a 
different order ; the village patwari sees his income from disputes, 
from copies for court use, and from other little sources threatened 
with reduction ; he also fears that with compact holdings the 
number of patwaris will be reduced and his conscience suggests 
that, if the worst men are dismissed, he will not be a 
survivor. The higher revenue authorities have shown much 
interest in the work, and as success is achieved, this interest 
should grow. 

The most important feature about the work done is that it has 
been shown that consolidation can be carried out in actual practice ; 
the stage of discussion and opinion and pious resolution has been 
left behind. A beginning has been made, a small beginning, 
perhaps, but still a beginning, which is better than none at all. 
The year’s work marks a definite step forward. 

The work demands the utmost sympathy and patience ; 
nothing must be rushed, nothing left unexplained ; every man’s 
objection must be removed, even if he be the smallest owner in 
the society. A village well satisfied with its experiment in 
consolidation will be of more value for propaganda than many 
lectures. The cultivators readily grasp the advantages ; each 
is ready to take his neighbour’s land, but not so ready to give 
up his own. The main elements of co-operative action must be 
carefully preserved. The agreement to join in such a society 
must be voluntary and based upon the realization of a common 
need and of the desirability of securing it by common action. 
Within the society, everyone, be he a big owner or a small 
one, must have an equal voice ; the smallest man may make 
the loudest complaints ; the executive work must be entrusted to an 
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elected committee l)ut this must be )U\,sw‘r;i!)]e 1o ilie generiU 
meeting ; no one must seek advantage at the expense of liivS 
neighbour. The time for any clement of eonqmlsiou from 
Government has not yet arrived: there must be a long period 
during which the measure gains in ])opula,riiy iind acqniivs tin* 
confidence of the majority ; public o]>iiiion in its favour will grow 
as more and more instances of the practical advantages can lu' 
published abroad. Unless the unexpected hap])ens, years of 
steady persistent propaganda will Ik* rcijuired belorc* the evil ot 
fragmentation has been scotched . 

We arc not prepared to advocate any legishil ion at this 
stage ; it is probable tliat several steps will {>rove necessary 
in succession. At present, there seems to be desirable sonn* 
measure of protection of, minors ,;md their guardians, especially 
of the guardians ; it may. for instance, be necessary to provide 
that an act of consolidation apju'oved by a guardian and by 
the, 7 general meeting shall be presumed to have been done in good 
faith. Then it may be necessary to enact thai nioiigage deeds 
relating to specific parcels of land shall Ik* dtK'jneil 1o apply 
to the land received in exchange on consolidation. Occupancy 
tenants, who lose their rights by aJiandoniueut or those wiio 
have no power to transfer their rights, may need ]irotectiou, 
although it is hardly conceivable that any couit would pf'iialize 
a man for consolidation. Tlion there is the dilliculty <'<tunect('d 
with absentees ; in the centra! districts of the proviucf*. it 
is not uncommon for the poorer cultivators to se(*k their 
fortune iii America or Australia, etc., without a.l)a.udouing their 
rights in their ancestral plots. At present the brotiu'r usually 
guarantees the consent of the altsentee, hut there arc* dangers 
in this. Tenants wdio claim eompeusation for distuibanec* may 
give trouble, but this should not be l)eyond adjustment. TJm‘ 
time for comptdsion has not yet come, but the ex})erience of 
other countries suggests that w'ithout some such })owei' tin* 
work will not proceed very far. Hitherto, the propaganda has 
been carried on amongst co-operators wliose experience of the 
credit society has served to show the advantage of Joint 
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association, and it will be better to let tbe successful examples 
speak for the merits of the scheme before any compulsion is 
contemplated. . 

The work is proceeding steadily, and it is hoped that about 
1 00 to 1 50 more villages will be read] usted during the current year. 

Statement showing work oj consolidation done in 1920-21. 
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Statement showing work of consolidation done in 1920-21— concld. 
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' BY 

W* SMITH, 

Iniferml Duify Expert, 

A GREAT deal has been said and Avritten on this subject in Imlia, 
and vast sums of money donated by pious Hindus are spent yearly 
on the maintenance of Pinjrapoles, Gow'salas, and various 
organizations in order to prevent the slaughter ol cows, and to 
ameliorate the lot of aged and suffering cattle. Tlie cow is hold in 
veneration by the Hindu community, and the Avhole of the people of 
India, Avhether Hindu, Mahoniedan, Bikh or Cdirist'.au, look to her 
for part of their food-supply in the form ol milk , ///h (clarilied 
butter), or other milk products. The great mass ol Indians are 
vegetarian, and there ivS nothing AA'hich eati take tlie plac'C ol milk 
and the milk fats in their dietary. Recent investigations have 
proved that the vegetable oils whit-h are (tffered as butter lat 
substitutes are lacking in what is known as vitamines, which aie 
essential to the growth and the general well-being of the laxly. 
Most Indians do not eat animal fats and, consequently lor the 
fatty part of their daily ration rich in the necessary vitamino 
principle, they must rely on butter fat alone. 

In view of these facts, it seems that, even from a purely 
utilitarian point of view, it is good to have a very spccdal regard 
for the cow and all which pertains to her Avell-beiug. and 
consequently cow protection is a necessary plank in the economic 
platform of Indian progress. 

♦ Note sent, on request, to the Principal Director of the Aioraksha Mumlal, Ltii., 
' Calcutta. 

{ 18 J 
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Some prominent men in India advocate prohibition of the 
export of cattle as a form of cow protection, others call for 
Government orders prohibiting the slaughter of cattle for food, 
while a section of the rural community consider that the setting 
apart by the State of large areas of land for grazing purposes only 
would solve the problem. No doubt something can be said in 
i favour of ail these proposals, but it seems to me that the first and 

most needful form of cow protection urgently wanted in India is 
the stoppage of the slaughter of young cows and female buffaloes 
in the large cities. 

In Calcutta and Bornbay , and to some extent also in other large 
cities, practically the total fresh milk supply of the city is produced 
from cows fed, housed, and milked {right within the city limits. 
These cattle are purchased in the prime of life, and generally 
with their second calf at heel, they are milked for one lactation 
■ period only, say, 9 months, and then immediately slaughtered 

to make room for another cow just calved, which of course shares 
the same fate as her predecessor, and so the pernicious system 
goes on, 

I Up to sixty years ago, when railways began to serve as trans- 

port arteries to and from the great cities of the world, this system, 
which may be called the “ cow-feeding ” system, was in vogue in all 
the great cities of the world, and up to 1864 the whole of the milk 
consumed in the city of London was produced by “ cow-feeders ” 
in or near the city. An outbreak of rinderpest amongst the London 
cows brought home to the late Sir Geo. Barham, then a London 
cow-owner, that milk could be purchased at farms in the country, 
railed into London, and sold there, of better quality, cleaner, and 






cheaper than the city produced milk. He at once put the idea into 
practice and made a fortune in so doing, because the production of 
milk in a large city from cows tied up all the year is not only 
insanitary and unnatural, but it is uneconomical, and from the 
point of view of cost it cannot compete with milk produced on the 
land by a bond fide farmer who keeps his cows over the dry period 
and only disposes of them when they have become inefficient 
through old age, sickness, or accident. 




AGBICULTUEAL .TOUBNAL OP INDIA 


The experience of the city of London luis been the ex])erience of 
practically every large city in the civilized world with the exception 
of Calcutta and Bombay. The introduction of niillc from the 
country very soon ruined the cow-feeders of Paris, Copenliagen, 
New York, and Chicago, and to-day no cows are kept in tliese 
cities. 

It may be asked why have economic conditions not assorted 
themselves in the Indian capital cities .i,u<l driven out the 
cow- feeder as they have done elsewhere. The re;is(»us arc many. 
Firstly, there is a prejudice amongst Indian t-onsumors against 
pasteurized milk, and of course in a climatic !ik(> India milk 
cannot be sent from the country into the city unless it has Iteen 
pasteurized and cooled. Secondly, tlie dairy industiy in India 
has not been taken up by the trained business capitalist, hut 
is carried on by poor men, uneducated and generally without 
organizing ability; and, thirdly, these men who work the milk 
trade in India have not the requisite teelinical knowledge to 
know how to treat milk intended for consumjdion some distance 
from the source of production, nor for that matter is thei’e any 
school or college in the country where they can acquire such 
knowledge. India is the only civilized country in the world 
to-day which has no properly equipped dairy school or college. 
An attempt at teaching dairying has been made atsfjme of the 
agricultural colleges, but only as part of a general agrifuiltural 
curriculum, and it is within the last few months that the first 
professor of dairying has been appointed in India. 

Within the last fifteen years, the export to foreign <'ountries of 
cows or female buffaloes from India has not e.xceedcd 1,000 bead 
per year (not including the cattle sent by the Military Department 
to Mesopotamia to supply milk to war hospitals during the war), 
and within that same period of 1 5 years it ma}' lie talcen that the 
cow-feeding system of milk production in our four largest cities 
has caused the slaughter of not less than 250,000 young (‘ows and 
female buffaloes. Cattle-breeding in India is not in a highly 
organized condition and the country cannot stand this drain. How 
can it be stopped ? No legislative measures are needed, but the 
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milk supply of our large cities must be organized on business lines 
and tbe milk produced under bealtby conditions on tbe land where 
tbe cows will spend tbe whole of their natural lives. This milk 
must be pasteurized, cooled, and transported to tbe cities and sold 
there in proper sanitary packages by properly organized business 
units. 

A city milk supply produced under this cow-feeding system 
cannot be a satisfactory one. Tbe crowded lanes and back alleys 
of a great city not only militate against tbe production of clean 
milk of good quality, but it requires little argument to show that 
milk produced by cattle boused in tbe heart of a great city where 
land is worth rupees per square foot, where taxes are high and 
where the cost of labour, feed and water is a hundred per cent, 
over rural areas, must be expensive. It is very expensive, and 
therein lies the solution of both problems, i.e., the untimely 
slaughter of young cows and the poor and expensive milk supply 
of our large cities. If public-spirited business men in India^ can 
be induced to take up the question of dairy farming and produce 
milk under natural conditions in suitable rural areas and offer 
such milk to the public in the large cities, they will be able to 
sell at such a price as the city cow-feeder cannot compete with 
and in a very short time drive this cow-feeding business out of 
existence, as has already been done in the other large cities of 
the world. 

The milk supply of Calcutta and Bombay is not only the 
worst in existence, but it is the most expensive, and as an adequate 
supply of clean pure milk is an absolute necessity for the health 
of the community, the introduction of dairy farming methods 
and the transportation and sale of rurally produced milk in 
these cities not only is the best means of “ cow protection ” 
but, what is even more important, it is a sound method of “ man 
protection ” and will have a real effect on the health of generations 
to come. 

The Calcutta Pinjrapole Society, it has been stated, spends 
some Rs. 1,50,000 per annum in prolonging, for a short period, the 
life of, say, a couple of thousand cattle, many of which have already 
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nearly readied the end of their aaiitrn! exi.sieuce. 11 the 
Indian merchants who support this society wcuild put ten years’ 
subscriptions into a soundly organised and j)roiKn-ly capiipjjed dairy 
farm, they not only would prevent the slaughter of, say, 2, POD 
young cows annually, but tliey would provide the dtizKUis of 
Calcutta with cheap, clean, and pure milk, and at the same time 
earn for themselves a handsome dividend on tlieir money. 
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WATER HYACINTH. 


A SEKIOUS PEST IN BENGAL. 

BY 

KENNETH McLE AN, B.Sc., . 

Offg. Fibre Expert to the Government oj Bengal. 

Water Hyacinth (£'icAorm'a crossijses) is a native of Brazil 
and has now acclimatized itself throughout the Tropics. It is killed 
by severe frosts, hence the more temperate zones are free |rom 
the pest. The genus is called after a German Minister who lived 
at the end of the 18th century, so that it is probable that the plant 
first became known about that time. It would appear that its 
spread has been due to its beautiful flower and that it found its 
way into the gardens in different countries, to spread eventually 
all over the countryside. 

In Florida, “ admirers of the plant placed plants in the St. , 
John’s River in front of their houses to beautify the surroundings.” 

Water hyacinth first came to be seriously considered as a pest 
in Florida in 1890, in Queensland in 1895, in Cochin China in 1908, 
in Burma about 1913, and in Bengal in 1914. Its profusion in 
Eastern Bengal at the time of the outbreak of war was credited, in 
some districts, to the Germans, and it became known in localities as , 
the “ German Pana.” . ^ 

The plant is supposed to have been introduced into Eastern i 
Bengal in 1910 , but there is evidence that the plant had been growing 
in Eastern Bengal for many years prior to that date . Khan Bahadur. . 
Moulvi Hemayetuddin Ahmad of Barisal talks of having seen it. 
in the hliil (swampy) tracts of Backergunge in his boyhood, and.' * 
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Mr. A. L. Godden states that it is on record tiiui; the steamer 
conveying Sir John Woodburn through the hhil route in 1898 or 
1899 was delayed whilst the weed was cleared away. 

The Narayanganj Chamber of Commerce was instrumeutal in 
bringing the danger of the pest to the notice of Government in 
1914. 

In August 1917, there were very high floods ihroughoiit Eastern 
Bengal and these, apparently, were tlie means of carrying away 
much of the weeds to the sea, as in 1918 and 1919 the progress of 
the pest seemed to have a set-back. In 1920. however, ami in the 
present year (1921), water hyacinth lias sjnvad very rapidly, and 
serious complaints have been received of its sto})}>!ng navigation 
and destroying the deep-water paddy crops. 

In districts where khc^ls (watej.-channels) are the only means 
of travel, serious difficulties have arisen both tlirougli delays and 
the enhancement of rates by boatmen (Plate 11). Several rivers 
are reported to have become impassable due to the weed, notably 
the Bhairab in the Nadia District and the Gorai whi<di flows 
between Faridpur and Jessore Districts. Rivers with slow 
flowing currents are quickly blocked with the weed. 

LieE-HISTORY OE water HYACINTH. 

The following description of Avater hyacinth will be found in 
the Pusa Bulletin No. 71 —“Water Hyacinth: its value as a 
Fertilizer -by Messrs. Finlow and McLean. “The authors were 
indebted to Mr. H. G. Carter of the Botanical Survey for the 
description. 

“ Eichornia crassipes, Solms., belonging to the family 
ontederaceae, is a native of South America but has now become a 
troublesome weed in other countries, notably Florida, Java, 
Australia and India. The plant is a her!) which multiplies 
extensively by division of the root stock. 

. “ When floating, in water the plant has large biadder-iike 
leafstalks, which make it remarkably buoyant. The blade of the 
leaf acte as a sail, so that the plant, which multiplies very rapidly, 
is earritti;ahout on the surface of the water and soon becomes a pest. 
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PLATE II. 


Khal choked with water hyacinth 
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Fig. 2. Navigatin 

g a load of jute through hyacinth. i 
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When growing in mud the bladder-like expansion of the leaf-stalk is 
absent. The plants bear spikes of ten or twelve handsome lilac 
flowers. The perianth is funnel-shaped and usually slightly 
irregular ; it ends in six lobes. The six stamens are inserted on 
the perianth. The ovary is superior and three-celled and has 
axile placentation. The fruit is a loculicidal capsule containing 
seeds with abundant mealy endosperm.’' 

In the “ Standard Cyclopedia of Horticulture ” Wm. Tricker 
writes: — 

“ This genus includes the water hyacinth, the famous ‘ million 
dollar weed ’ that obstructs navigation in the St. John’s River, 
Florida, and is a source of wonder and delight in every collection of 


tender aquatics in the North.” “ About flowering 

time the plant sends down anchoring roots which, if the water be 
only 3 or 4 inches deep, penetrate the soil.” “ The 


common water hyacinth sends out two kinds of roots, the horizontal 
ones often thick and fleshy, and apparently for reprodiy3tive 
purposes, the vertical ones long, slender and clothed with 
innumerable small horizontal fibres 

The so-called horizontal roots should more properly be called 
‘‘ runners,” special branches sent out for vegetative reproduction. 

In neither of these descriptions is any reference made to the 
size of the plant, but in Bengal it has been found to attain a height 
of over 3 feet under favourable conditions. 

It will be seen from the above descriptions that the plant in 
its. own habitat is capable of reproducing itself both by seed and 
vegetatively. As regards propagation from seed, the following is 
taken from “ Instructions for the eradication of the Water Hyacinth” 
issued by the Government of Burma in 1915 : — “ When the flowers 
fade, the stem bends over in the middle iromersing the seed pods in 
the water ; the pods opening, the seed escapes, seedlings form and 
in a few months themselves flower and send out runners.” 

No authority is quoted for this statement, but all attempts to 
germinate seed collected in Bengal have proved futile. Moreover, 
it was found that the number of flowers containing seed was small, 
only 1 per cent., and from a spike only one or two seeds were 
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obtained . The seed was tested tor frernunat ion : { 1 } on (iain}H'n(‘<i 
blotting paper, (2) in water, (3) in mud, and (4) in dam]) soil. Tlte 
tests were made in February and tlie seed kept under observation 
for one month. The tests wore made both under ordinary 
atmospheric conditions and in the incubator «it a t.enip<‘ratu!e 
of86°F. 

During the potash extraction ex}»eritnentH at Xarayanganj in 
1918-19 many tliousands of the young plants were examined, but in 
every ease showed evidence of having been detached Irom a [larent 
plant. 

The seed procured in Bengal appears to lie jierfectly formed 
and healthy. It may ]>e noted that no seed couhi lie found from 
plants growing in the red soil area. 

The normal propagation in I^ngal is by stolons or runners. 
These branch out from six to eight inches from tlu^ ])arent ])lant, 
forming on the end a rosette of small leaves. Hoots spring out from 
the npde where the rosette is formeil and the young jihint- becomes 
self-supporting, and if the runner is broken floats away to eontimie 
■Dror)f).(ratioi> in another area. Those plants which continue 
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enable it to float and the latter with the wind enable it to travel 
into new areas. This ability to travel is of very great importance 
in the spread of the pest and accounts for its spreading up-stream. 
In May of the present year the writer had an opportunity of seeing 
large masses of hyacinth being blown by the south wind up the 
Turag river. The writer and several independent witnesses 
estimated the rate at 3 miles an hour. . 

■ Operations against water hyacinth in Bengal. 

The first steps regarding the spread of water hyacinth in Bengal 
were taken by the Agricultural Department as the result of a 
deputation from the Narayanganj Chamber of Commerce which 
waited upon H. E. Lord Carmichael and impressed upon him 
the danger to the waterway^. Since this date, in 1914, the 
problem of combating the progress of the weed has been under 
the consideration, not only of the Agricultural Department, but 
also of District Boards and District Ofiicers in different part§ of 
the province. 

The work of the Agricultural Department has been mainly 
concerned in finding out ways of utilizing the weed, whilst on the 
administrative side the problem has been the clearing and collection 
of hyacinth. 

Utilization as manure. The Agricultural Department com- 
menced an investigation into the possibilities of utilizing water 
hyacinth in 1914. The dried plant was found to be rich in potash 
and experiments were undertaken to arrive at the manurial value 
of both the rotted plant and the ash of the plant. With this object 
in view an extensive series of plots were laid down on the Dacca 
farm. The conclusions arrived at were published in the Pusa 
Bulletin No. 71 of 1917. These were, briefly, that the rotted 
plant is a valuable general manure slightly higher in value 
than cow-dung, and that the ash is several times richer in potash 
than wood ashes and therefore a valuable potassic manure. On 
the strength of these results cultivators were informed, through 
the agency of pamphlets and leaflets issued at different times, 
of the value of both the rotted hyacinth and the ash as manure. 
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This propaganda has had considerable ejfect as hotli the rotted 
hyacinth and the ash are used throughout Eastern Eengal as 
manure. There is, however, no doubt tliat the amount of l!ya.eint]i 
utilized in this way has had little eft’ect in the re<hict.i<»n of 
the pest, as the cultivators take insulhcient care in destroying the. 
plants. 

Extraction of potassinw chloride. The high percentage of 
potash in the ash of the plant led the Fibre E>:] ert ttj experiment 
on the possibilities of extracting potassium cldoride. Prior 
to the war potassium salts had their chief smirce in the enemy 
countries, and on the outbreak of war ])rit.H\s .soared high. 
Messrs. Shaw Wallace and t'o. offered good j)rice> foi* Jivacinth 
ash, provided it came up to required staiulards as regards 
potash content, and arranged ^ with middh.unen foi- .supplies. 
It was found that the ash arrived in such an adulterated condition 
as to make the extraction of the salt unprofitable and riie iirm lust 
money over the transaction. If the middlemen had jdayed the game 
there would have been a large source of income, as the supply of 
potash salts both for munitions purposes and agricultui'ul purposes 
was causing considerable concern to the Allies. 

The process of extracting potassium chloride from the ash being 
a siniple one, the Fibre Expert erected a small experimental plant at 
Narayanganj for the extraction of the salt. Mr. Basu, Fii'st Assistant 
to the Fibre Expert, describes this plant in the Agricultural Year 
Book of the Department of Agriculture, Bengal, lUld.” As a 
commercial adventure this plant proved unsuc(.u‘ssful but it was 
conducted under conditions which were adver.se to success, (,'ircuni- 
stances necessitated that labour hatl to be employed in colke-ting 
the hyacinth from tanks, carting it to the site of the extrtudiug 
plant some considerable distance, drying it and luirning it. In 
Narayanganj, moreover, labour is exceptional!}' ex])ensive. A 
plant of this sort, situated in the vicinity of piles of the weed 
deposited by the elevator or grappler as in America, would 
probably show much better financial returns. 

In 1920, the Collector of Dacca instituted a campaign against 
water hyacinth through the medium of the Banchayet Presidents, 
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introducing a “ Hyacintli Day.” In many Unions tlie work was 
taken up witk a will, but the lack of entkusiasm on the part of 
neiglibouring Unions disheartened the enthusiasts, whose land is 
again infected. 

At a Panchayeti Conference held at Dacca on the 28th February , 
1921, the effect of the order of the Collector was discussed and the 
opinions of the members* who, as the Collector remarks, “ have 
intimate experience of the evils of haehun and of the possible ways 
of meeting these difficulties,” are of great interest. The concensus 
of opinion of the meeting was that penalties should be imposed 
upon defaulters. 

Failure to comply with the orders will always occur where no 
penalties are attached to non-compliance. In 1918 the Government 
of Bengal circularised all Commissiojjers and all public bodies 
including railway companies as to the necessity of taking steps to 
eradicate water hyacinth. A letter from the Agent, Bengal-Nagpur 
Railway, dated 12th December, 1919, is illuminating. He whites: 

“ The whole of our borrow-pits between Howrah and Kharagpur 
and on other sections of the line outside Bengal were cleared 
this year at very considerable cost. It is now reported that 
practically nothing has been done by owners outside railway 
boundaries with the result that the borrow-pits on railway land 
have become re-infected and the work will have to be done 
again.” The Agent of the E. B. Railway wrote in the same 
strain. . 

At a meeting of the Legislative Council, Bengal, a resolution 
was passed recommending to Government the appointment of a 
Committee “ composed of official and non-official members under 
some scientific experts, such as Sir J. C. Bose or Sir P. C. Ray, to 
devise ways and means for removing the scourge of the water 
hyacinth and to combat it successfully, before any legislative action 
is taken, as recommended by the District Boards’ Conference.” 
In pursuance of the above resolution the present Committee under 
Sir J. C. Bose was appointed “to enquire into the spread of the 
water hyacinth in Bengal and to suggest measures for its 
eradication.” 
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Operations against water hyacinth in other corNTiURs 


In ike United States of America. 

In the U. S. A. the plant first eanie to notice in ilte Slate of 
Louisiana in 1884 and in Florida in 18t>0. An interestiiiti aeeonnt. 
to whicli the writer is indebted for tfic follow iiia note,', wilt he 
found in “Lumbering and Woodworking industries in the rnited 
States and Canada, Yol. Ill, ” by F. A. Leelt*, Indian Forest- 
Service. 

The Board of Engineer Othcers constituted in ISi>7 to 
investigate ivater hyaeintli recoil mumded that systiunat ic 
operations shoidd be undertaken to keep waterways open for 
navigation. Operations on a large s(‘a,!e coimnenced inIShhin 
both States. They began in each State on similar lines but 
subsequently developed on different lines, cattle <twneis in 
Florida instituting laws to prohibit the use of cliemicals injurious 
to cattle. 

r- 

Towing masses of the nmd to sea. As the ])lant dies in salt 
water, drifting and towing the plant to the sea was first tried. 
Drifting to the sea was found to be the cheape.st metluxl of 
getting rid of the weed, but it is only possilde where there is 
sufficient current. Surrounding masses of the ivced with n(‘ts and 
towing them to the sea with a tow Ixrat was ftnmd to he 
possible, but there was a leakage of plants en route, and thus 
difficulty could not be surmounted an<l it was decided that 
towing would not be successful. 

The erection of booms to confine the ‘plant to reslriefed areas and 
to prevent it entering into back waters and channels wliich were 
required for navigation was found to be successful and is still a 
method in use. It has been found, however, that they are 
insufficient and attention has to be paid to iJic clearance of 
stray plants which find their way inside the channels. 

Crushing the plant between rollers. Another rnethotl of 
destruction suggested by the Board of Engineers was the erusliing 
of the plant between rollers mounted on a suitable viwsol. 1’he 
idea was given up as impracticable. 
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Solutions or mixtures fatal to the plant. An exhaustive series 
of experiments on the effects of spraying the plants with chemicals 
was commenced in 1906. The objects of the experiments were to 
find 

(1) A solution or mixture fatal to the plant. 

(2) Whether cattle would eat the plants with fatal effects 

after spraying. 

(3) Whether anything could be added to make the sprayed 

plant obnoxious to cattle. 

Of 23 different substances tried, only six were found to be 
effective in killing the plant. All six were found to be injurious to 
cattle. These six substances were 

1. Fowler’s Solution. 

2. Sulphate of Copper^ 

3. Bi-carbonate of Potassium. 

4. London Purple. 

5. Arsenite of Lime. » 

6. Arsenite of Soda. 

The first three were found to be too costly and the choice 
narrowed itself down to the arsenical compounds owing to their 
cheapness. 

No substance could be found which would prevent the cattle 
from eating the plant. 

Spraying water hyacinth in Louisiana. As noted above, 
spraying with chemicals is prohibited in Florida on account of the 
danger to stock but in Louisiana spraying is carried out on an 
extensive scale and is looked upon as a permanency. With three 
boats the District Engineer is just about able to keep pace with 
the growth of the plant. Complete eradication is considered 
impossible. Water hyacinth is found all over the State and much 
of the time of the boats is taken up in travelling backwards and 
forwards. The three boats used in the operations are the 
“ Hyacinth,” a stern wheeler specially built for the purpose, a 
Government barge, the “ Chene,” and a hired barge similar to the 
” Chene. ” The “ Hyacinth ” cost Rs. 1,20,000, but the cost of 
the other boats is not Imown. The “ Hyacinth ” carries tanks of 
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a capacity of 3,366 gallons and is fitted with a pow'er sprayer 
capable of reaching 40 feet on each side of the i)oa.t, clearing a 
track of 80 feet. The area sprayed per day depends on how 
closely the hyacinth is packed, varying from 3.i to 10 miles by 
80 feet. 



The chemicals used are white arsenic (arsenidus (txide) and soda 
(sodiiun carbonate). TJie usual strength is 1 .in 10. <)u \rur 3 n 

sunshiny days one gallon of the solution will desTi-oy lo square 
yards of closely packed hyacinth. On cloudy or cool days a huger 
quantity or stronger solution is necessary. 

The recurring expenditure on spraying for f!)J7 is taken 
as Rs. 48,000, and the three boats sprayed, an ai-ea id' 5.021 
acres. This works at a cost of Rs. 9-0 per acie, Imt in the 
statement given capital cost is not taken into accinint. Mr. 
Leete states that the cost per acre for the “ Hyacinth ” is 
Rs. 24. 

f Piling the hyacinth in heafs on the hanks of rivers in Florida. 
Spraying being prohibited in Florida, mechanicah ])iHng has 
occupied the attention of the authorities in tliat State. In 1909 
piling by means of an elevator was started and has been continued 
up to date. In 1916 a simpler contrivance called the “ grappler ” 
was tried and found very successful. The general idea of these 
contrivances is to lift the hyacinth out of the water and convey it 
to the bank of the river or channel where it is piled in ]iea}).s and 
allowed to rot. 

Both the elevator and grappler are mounted on barges 
which are stationed near the bank, and the masses of hyacinth 
have to be dragged down to the site by means of ropes worked 
on windlasses. In the case of the elevator the plants are 
fed on to the foot of the elevator by men with rakes and 
they are carried by the elevator to the pile on the bank. The 
grappler works on a jib. It is dipped into the mass of liyacinth 
and, as it is raised by the engineer, mechanically grips a 
load of the plants. The jib is swung over to the bank where 
a man steers the grappler to the pile where the hyacinth is 
deposited. 
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The cost of clearing the hyacinth with the elevator is stated to 
be Rs. 33 per acre. No figures are given for the grappler which is 
still under experiment. 

In Burma. 

Construction oj booms to collect hyacinth . In Burma instructions 
for the eradication of water hyacinth were first issued in January 
1914 and revised instructions were issued in 1915. The instructions 
are confined to the erection of booms across the rivers and channels 
to catch the plants as they float down. The villagers are made 
responsible for the work, both for clearing the hyacinth from the 
banks above the booms and for dragging the masses of plants 
collected at the booms to the banks and burning them. Headmen 
of villages are empowered under the Burma Village Act (1907) to call 
out all able-bodied men, women? and children over the age of twelve 
to clear the hyacinth in their village tracts. Seemingly, the powers 
at the disposal of the authorities were insufficient, for in 1917 the 
Burma Water Hyacinth Act was introduced. • 

In Cochin China. 

Construction of booms. It would appear that even before 
1908 the prevalence of water hyacinth in the waterways was 
occupying the attention of the authorities in Cochin China, for 
Administrative Circular of Cochin China No. 12, 19th March, 
1908, refers to previous orders on the subject. The order 
provides for the construction of booms to prevent the hyacinth 
from spreading into waterways not yet infected and for catching 
the masses of floating weed in the infected waterways so that they 
may be taken out of the water and piled on the banks. The plants 
must be heaped not less than 10 feet above high water-mark and, 
when sufficiently dry, burnt. With this object, during the first 
three days of each month or more often, if necessary, proprietors, 
farmers, and small holders must ensure the removal and destruction 
of plants within their holdings. The application of the order 
seems to have raised objections from some Administrators as in 
his Circular No. 29 of 27th January, 1911, the Lieutenant-Governor 
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sets tliese objections aside and insists on more strennons measures, 
and mentions tlie appointment of river ovei'seers to ort;ani;^e tl.e 
destruction of water liyacintli . 

In liis Circular Ko. 147 of SOtL June, 1011. llie Li<‘nten!Ui1- 
Governor remarks on the success of the 500 emi>anlcments alrejid}- 
established and proposes the extension <>i llu‘ sclieme. From his 
concluding? remarks it would up^iear llud llie tdiliout ion.' phn-td 
upon proprietors to destroy hyacinth their lund hud lu'cn 
witlidrawn. 

In Aiisfralia. 

Dmlffi tuf in still water arirl float in-f/ to the sea In eiirre/its. ’Whiter 
hyacinth was known in Xew Bouth Wales as early as ISOo. and 
mention is made of 71 acres of the weetl in tin.' Wollondry La<roon 
having to be cleared at a cost of .£§ {.Us. 120) in l<)(i0. iMeehunic;;! 
collection of the weed with an outfit somewhat similar to the ele%'ator 
used in America was found successful in tin' Bremer I'iver. As in 
America the masses of weeds were tuwed up to the outfit. 
After the clearing, stray weeds along the banks were ch'UJ'ed 
up by men working from flat-bottomed boats. When* tide.! 
currents prevailed the hyacinth was allowed to fio.at down 
with the out-going tide and jnevented from letumiue 
by the erection of booms at the turn of tlie t ide. 'I’hese operation.-, 
havemetwith success inthe two rivers, tlie .Bremer and, the lirisliane, 
where they were put into effect. .Mr. .E. ,A. Culhm, the 
Engineer for Harbours and Rivers, Brisbane, reports : The. rivers 
named at one time were covered almost entirely for 30 miles, so that 
motor boats could not pass, and steam ligliter traflic was almost 
stopped. By the means adopted, i. e., dredging the w<*ed out in 
the relatively still water areas and drifting it down to salt watim 
where tidal currents prevailed, the rivers are entirely cleared. An 
annual inspection and clean up of any few small patcliesoccuri-ing 
has kept the waters clean for several years at a cost of urubu- £oO 
per annum.” 

Mechanical collection of the hyacinth and tlie manufacture of 
potash from the collected heaps is under contemplation in otlier 
parts of Australia. 


WATEE HYACINTH 


m 


Legislation against peoprietoes and tenants who 

FAIL TO destroy WATER HYACINTH GROWING ON 
4 THEIR LAND OR ADJACENT WATERWAYS. 

Legislation in Cochin OMna. 

Attempts were first made in Frencli Cochin China to legislate 
against people failing to destroy water hyacinth in 1908. The law 
then introduced not only required that all hyacinth should be 
destroyed, but also made landlords and tenants responsible for the 
**' construction and maintenance of barriers across the waterways 

for collecting weed floating down-stream. The law further 
stipulated that the work of clearing should be done during the first 
three days of every month. In the event of a proprietor failing 
to carry out his obligations, the district affieers were empowered to 
do the work for him. The penalties of non-observance of the law 
fjfc are, unfortunately, not intelligible. 

Provision is made in the orders empowering C!iief 
Administrators to relax the law in certain cases and, as the 
Lieutenant-Governor mentions that objections were raised by 
t'ii his Administrators and in a subsequent circular mentions the 

withdrawal of the obligations placed upon proprietors, it appears 
that the Act was difficult to apply. The Director of the Scientific 
V Institute, Saigon, in 1921 remarks that “ the regulations issued 

in 1908 have not been applied rvith sufficient rigour to enable an 
estimate of their efficiency to be arrived at.” 


The Burma Water Hyacinth Act, IQll. 

In 1917 the Burma Water Hyacinth Act was introduced. In 
this Act the presence of the water hyacinth is declared to be a public 
nuisance in Burma, and any person who possesses or keeps the 
water hyacinth or fails to destroy it in accordance wfith such notice 
as may be served upon him shall be guilty of an offence and shall 
be liable on conviction thereof to a fine not exceeding Rs. 100 or 
upon a second or subsequent conviction to a fine not exceeding 
Rs. 500. The Local Government may make rules prescribing the 
method by which and the i ime within which the destruction of the 
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water h3'aciiith shall be completed and jirescribing tlie form and the 
terms' of the notice to be served. 

From the Administration Reports it appears that the Biu'ina 
Government is also ftiidlng the Act diliicult to a]>]>lv. 


Dacca DislriGt Board Bjj-Luo'. 

In 1919, the District Board of Dacca introduced a bv-law to 
legislate for the disposal of water lumcinth. The bv-law i-eads as 
follows : — 

“ 31 B. Any person having possession of, or control over, any 
land or water on or in which there, exists any water hvacintli shall, 
if so rec|uired by a notice in writing signed bv tlui ( 'hairman tir 
Vice-Chairman of the District Board, a Local Board or a I'nion 
Committee or by the District Engineer, destrov’ or remove such 
water hyacinth within the period mentioned in such notice. 
Provided that such notice («) shall be issued simultaneously for 
the^whole of an area to be defined by the District Boai’d, a Local 
Board or Union Committee, and bounded by rivers or large I'hah', 
and (6) shall not be issued oftener than once a year.” 

The penalty attached to a breach of the by-law is a fine u]) to 
a maximum of ten rupees. 

An additional by-law was proposed in November 1920, ljut it 
was not approved by Government. It read as follows : 

“ 31 D. If the person upon whom notice has been served umler 
by-law 31 B fails to carry out the order as rec|uired by the said 
notice, he will be liable to pay such costs as are incurretl I)}’ the 
District Board, Local Board, Union Board, or Union (.Committee in 
order to remove or destroy the water hyacinth. Such costs will be 
recovered as other dues to those bodies are.” 

By-law 31 B fails in that it only stipulates that the hyacinth 
should be cleared once in a year. Experiments in tank clearing 
conducted by the Agricultural Department have shown that at 
least two clearings are necessary within a short interval as there 
are generally a number of plants missed in the first clearing. 

At a meeting of representatives from District Boards held at 
Dacca in the beginning of this year opinion was against the 
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practicability of local legislation. One district is infected from 
anotber and it is difiicult to impose penalties on individuals who 
can claim that tbe land was infected from up-stream. It was 
agreed that District Boards were powerless unless an Act on the 
lines of that introduced in Burma be introduced to apply to all 
India. 

The subject was further discussed at a meeting of representa 
tives from all the District Boards in Bengal held in Calcutta in 
January 1921. A resolution was passed urging upon Government 
the necessity of passing an Act similar to the Burma Act. This 
induced Babu Nibaran Chandra Das Gupta to introduce a resolution 
in the Legislative Council regarding the appointment of the Water 
Hyacinth Committee, his contention being that Government could 
not penalize a man for not destroying water hyacinth until he had 
been shown the ways and means of destroying it. 

Practical suggestions regarding collection, destruction 

AND UTILIZATION. 

Present methods of collection. 

Bengal has not, so far, shown much in an original line in the 
way of method of collection, and this has been done by hand labour 
in all cases. In some cases the District Boards have allotted funds 
to pay labourers to clear waterways and in other cases cultivators 
and others have been stimulated to the task by warnings as to the 
danger to their crops and communications. The value as a manure 
has been an incentive to cultivators to collect the hyacinth in heaps 
until it rots and then to apply it on their land. 

The elevator and grappler. 

' It will be seen from the note on measures taken in America 
that mechanical collection is advocated there. The two machines 
in use are the elevator and grappler, and there are many waterways 
in Bengal where the system employed in America would apply. 
These machines would be of importance if it were decided that 
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part of the money wpent in destroying the hv.u'inlii should he 
reeonped by utilizing the plant for eomiuereiul purpusos, 

'IJie [ji'esent iaborious method of ch'io’iiig \\;if(>i"vv;ivh and 
tanks by Jiand could be considenddy !ighleu(‘<l by Ihe use <*1 \vee<! 
cutters and pond cleaners of u'hich there? are .several ou i he luiu ket . 

The erection of stoppage boom.s wliere plaiit.s Ihait iiig dow u 
\vaterway.s may be checked and collected may also reduce labour 
and concentrate the work. 


Present mell/od oj destruction . 

Two method.s ol destruction are common in Bengal and lioth 
depentl upon the plants having been linst brought to dry land. Tlu' 
one is burning the plant, s after they have beemiried and the ot her is 
rotting the plants in pits. Both are etiicaciou.s as long .-.'s no green 
plants are left to spring to*life wlieii the rairus c(fme. The majority 
of cultivators, when they are troublcfl with hya.cinth oJi their land, 
just push it into the rivers. They niay ho]:»e that it will reach salt 
wattn and there die, but it is generall} destined to infest a 
neighbour’s fields further down-stream. 

Kilhufj the plant h/j sprauin;/ solutions. 

In America the spraying of the masses td' floating jdants with 
arsenical coniponnds has been accepteil as the only method of killing 
the weed and keeping it in check. Objections have been rai.sed tot he 
danger of using poisons, and in Bengal, where ever}' waterway is 
not only used by stock but also by the human population for washing 
and drinking purposes, the use of arsenical solutions becomes 
impossible. 

Turning to the utilization of water hyacinth, the value of the 
plant as a manure and as a source of potassium chloride has already 
been discussed. 


WATER HYACINTH dR 

for paper making commercially is doubtful, unless it makes up into 
a special type of paper as the experimental samples suggest. In 
this connection the opinion of a leading paper manufacturer in 
England is quoted in the Commonwealth of Australia Circular 
No. 7. He reported on samples of water hyacinth sent to him that 
“ it was the most inferior substance yet ofiered to him.” 

Preparing inh from the flowers. 

In 1918 the Subdivisional Officer, Brahmanbaria, reported 
that blue-black ink had been prepared from the flowers of water 
hyacinth and that the colour changed to majenta red on treatment 
with acid and from red to green on treatment with soda. No 
method could be found of keeping the colours fast, and nothing 
further has been heard of the process. . 

' ^ ■ m, 

Fodder for cattle. 

The utilization of the green plant as cattle fodder is a common 
practice throughout districts where water hyacinth is plentiful at 
times when there is a scarcity of grass . The plants are pulled out of 
waterways and tanks and placed before the cattle in heaps. As 
far as has been observed the plants are not dried and preserved for 
fodder purposes. When grass is scarce, or in towns where the 
available grazing is liable to be fouled, it is a common sight to see 
the cattle wading into the tanks to graze on the hyacinth. 

Utilization as fuel. 

Many cultivators utilize the dried hyacinth for fuel. At the 
beginning of the cold weather the hyacinth is pulled out of their 
fields and the adjacent waterways, left on the high land to dry, and 
when dry used along with jute sticks and refuse as fuel. The ashes 
are subsequently used as manure. 

Utilization in other countries. 

Investigations into the possibility of putting water hyacinth to 
commercial use have been undertaken in other countries but do not 
bring any further enlightenment to bear on the subject. The 
various suggestions put forward have all proved to be of no 
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commercial value except its utilization as a source of potash.. In 
Cochin China numbers of attempts were made to utilize the weed, 
amongst others the construction of furniture, the manufacture of 
ropes, and the manufacture of bags. 'J’hese iittempts were 
unsuccessful and it was concluded that its chief value was as a 
manure on account of the high percentage of nitrogen it contained. 
In New South Wales, paper manufacturers reported that it could 
only be used for straw-board and that suhicient otlier raw 
material was already available at 10s. a toTi. Samples were 
supplied to firms of upholsterers who eithei' coudemiuul it or 
reported that it was only of use for the cli{‘aj)e.st line.s of 
upholstering, and would have to be marketed at a cheap rat e. The 
Commonwealth of Australia Circular No. 7 of It) It) mentions 
an inventor who is patenting a process for the extraction of potash 
from water hyacinth in New South Wales. Tliis process might 1)e 
worth consideration. 

r Conclusion. 

A glance at the attached map of Bengal (Phite 111) will 
convince one of the dangers of the water hyacinth invasion inBengal. 
The eastern part of the province with millions of acres over-flooded 
during the rainy season is especially susceptible to the pest. At the 
beginning a troublesome weed in the waterways, water hyacinth 
has now become a menace to the crops, and unless ijiimediate 
steps are taken to eradicate it or at least to prevent its further 
spread, the whole of the deep-water paddy i:rop in Bengal will i)e 
endangered. 

The reductioJi of the cost of eradication l)y utilization of the 
weed appeals to the economist. The danger lies in that the weed 
may not be properly destroyed if it obtains a commercial value, 
and that plants not destroyed will continue to spread the evil. 

Nothing short of the complete destruction of the plant will 
save Bengal from this disastrous . pest, and the findings of the 
Committee which is at present sitting in Bengal are awaited with 
interest. It is hoped that the recommendations will be put into 
immediate efieot as it is felt that there has already been too much 
delay in tackling this vital problem. 
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MAP OF BENGAL 

SHOWING THE AREAS AFFECTED BY 
WATER HYACINTH. 
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A PRBLIMINAKY NOTE ON THE INCBBASB 
OP UBAPE YIELD.* 


s. H. PRAYAG, M.Aa, 

0/ the Defartment oj Agriculture, Bomhay. 

Tn Barts of Western India, and more especially in Nasik whicli is 
the chief 'ihis 

tS: " o7ne ::d sweet as 

.a^UsaUU 

the fruits of these fetch a Voq not been on the increase, 

of tie local variety, tierr .question 

due ciiefly to their eriremety „ouia he 

therefore arose early « i^p„rtauoe. Attempts were 

improved SO as to be as the yield of the local variety 

"“ateS Botarrical Garden aud the followirrg 
L a « of the work done and the results ohtarned. 

Methods ot teaihihg as eactoes ih miiUEHOire 

the yield. 

The grape-v^e requires ^ tort^« “ " 

bear well if it lies on the gro tTip fancv of the grower 

have therefore been adopted L of training 

and the custom of the loc ality. The nsuar Ji 

(41 ) 
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adopted l>y Xasik c-uiliv:it;n,s is.tiiat on ii) tlii.s 

system eucii \ ine is tiained ia a pfuiijui’ti plant {Kt ijllt t i ua iiitiita) 
wliifh fin-Jus a ji'a'ud livinii' siippai t {P!a.te 1\'. fix', i )• lu .luunai' 
(J)i,stric1, Pomu*.). the vine is siUTuended l>y idur ptiinjiu'tt phiids 
and is allowed to lia.ve four aims. e;',eh e.i'm heiux ti'einid io a 
panj/at'a phmt. This methoil is known as the rlunner method. 
The following are some figui'cs of yield from pleirts in the 
Clanesliklund Clardeii trained on these two metho(ls : - 



:irjri 


X;t mt* 

of i 1 h‘ 

\‘a,riL‘1 y 


h'ystcin of 
Inti 11 inti 


Average yield per plant iu t lie singie-stakt; system f(.ir (wo years 
IS 4 IT . 1 3* 4 0 JC . 

Average yield per plant in tlie Junnar s}-stem for two years is 
7 lb. 4'8 oz. ■ 

Intlie Junnai systetn. the ])Iants hml been ])l:Miied at the sa.me 
distance as that in the single-stake system, e/r.. 0 feet apiirt eaidi 
way. 

The Jmuuir method, though rdighlly lietter than l I k* single- 
stake system as regards yield, entails a good deal of manual labour, 
as ploughing anrl other inter eultuiing (t]'era>ti( ns eannot be 
performed by Indkick-jiowcr ui aceoitut of tln^ sjaue being 
occupied by p.angum jilants. (ither methods of t.iaintng were 
started by Mr. 0. B, I’atwardhair, B.Bc., Assistant Professor of 
Botany, Agricrdtural College, Poona, from 1913, and these were 
(1) Umbrella, (2) Overhead and (3) Kirifiin. 

Umbrella system. Iir this system, the vine is trained to a 
strong wopderr support in the centre, of the height of G feot,,fronr 
the top of which several cross-bars pass at arr arrgle of about 45° 
'with the central support and are nailed dowrr to four supports at 
the coiners, the whole thus presenting the form of an umbrella 
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(Plate IV, fig. 2). Only six plants of variety Pad been so 

trained. The following are some figures of yield:— 


Variety Bhokri : Umbrella system oj training. 


Age of tlie plant ' 

Year of 
bearing 

Total No. of 
bunches 

Total 5 Teld 

.'.Remakes /. ' 




ib. oz. 


15S ‘itii 5-ear ... I 

1916 

78 

19 13 


! 6th ' #, ■ • • i 

1918 

43 

! 10 14 


' Tth 1 

1919 

63 

1 16 10| 


' 8th .• = 

1920 

132 

■ ' 13- 8' ' 

Bunches were small 





in size. 

|oS 4th vs' 

1916 

133 

'40' 7 


6th „ 

1918 

70 

I 14 0 


7th 

1919 

198 

66 11 


Sth • ' 

1 1920 

8 

2 1 

Badly attacked 


1 



A nthracnose. 


Averageyield of plantNo. 158forfouryearsis 15lb. 3oz. 
Average yield of plant No. 168 for four years is 30 lb. 12| oz. 


Variety Bhokri : Single-stake system of training. 


; 5tii 5Tar . . 

1916 

20 

. 7 

8 ( 

. .. '.'.i 

1 7 ti l * v * * 

1918 

4 

7 

2 


Stli • • 

1919 

35 

9 

12 


9th y. 

1920 

3 

0 

10 


dth 5) • • 

1916 

40 

8 

1 



1918 

7 

4 

0 


t I'll J# 

sth ' 

1919 

29 

7 

0 


9th ,, 

• 

1920 

27 

. ■ ' 5 

5 



Average yield of plant No. 165 for four years is 5 lb. 

Average yield of plant No. 145 for four years is 6 lb. 1 J oz. 

Tire following shows the comparative yield of the two 


systems 

Variety Bhokri, 


S 5 'stem of Total No. 

‘training • of plants 

No. of bearing 
plants 

Total yield 

Average yield per 
bearing plant 

1919 

1920 

1919 

1920 

1919 

1920 

.....i :.M.; „ . 



lb. oz. 

lb. oz. 

lb. oz. 

lb. oz. 

.Singlft-rtake ..1 

Umbrella • » | 


40 

302 2| 

209 15 

5 6-3 

4 4*5 i 


6 

222 1 

1 53 2 

37"..: 0;. :'. ' 

8 13*6 


y^^iJTfche above, it is clear that the umbrella system of training 
has given decidedly better lesultsThan the local system. It remains, 


I 




wmmm 




p ‘ ■ /' . 
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lunvevcr, to 1)0 seen liow far tins system could be adojiled on a fu'ld 


scale. 


Overhead si/ntem. In this system, four canes of c:«*!i plant luc 
extended each in a different direction until they meet with Ihe 
canes of the neighbouring plant. From each o! tliesc canes slmrt 
spurs are developed, tluis giving more room bu- tlie <leve!opmeut 
of flowers and fruit. The lolhoving shows the (-ompiirative 


vield 


Varicfjf Fahtili. 


! Total X<>. I ,,, , , Average yiolU ; Aiiimint of .«]acc 

System of tra-minii; | of plants ' per ]>iant ; mtvertHf i»y the jflarit 


Single -slake 
Overhead 


IK oz. 
tiO 1 ? 
170 21 , 


11 ). oz. ;>, 2 d 7 .Nt[. feet. 

1 4 1 

S-; ; 


Thus for the year 1920, the experiment luis given definite 
results in favour of the overhead system of training, the average 
yield per plant being thrice as much tis that on ihe single-stake 
svstem. Further lesults are, liOAVCvei, a\saited before definite 

conclusions could be arrived at. 

A slight modification of this system was ;i,do}detl in the case of 
pandhari-saMji variety which is a more vigorous grower than 
fahadi. The usual method of ])runing adopted in itrevious yetirs m 
this variety was the method of spur-and-renewal-spur. 1 n < ictober 
1919, an experiment was started by the writer to keep the long 
canes formed during the rainy season after A})rd print mg and 
prune them at their further end, viz., after leaving 10 or 12 buds, 
instead of pruning them after 2 or 3 buds. The following are the 
results obtained ; — 


Variety Pandhari-sahehi : Age 7 years. 


Method 


No. of plants | Average* yiehi iK-r plant 

■ ■ ' ' s ■ 


Spur-and- reiiewal»sj»ur 
Long spur 


lb. oz. 
15 in 


1 
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The results, though they are of one year, show in favour of 
the long-cane system. Maney says^ : “ Grape-pruning experiments 
carried, on near Council Bluff s during the season of 1914, for a 
comparison of the spur with the long-cane and renewal-spur 
system, showed that the vines pruned after the long-cane system 
yielded, on the average, 41 per cent, more grapes than the spur 
pruned vines. These results indicate that the long-cane system is 
of value for the south-western and other sections of Iowa where 
grapes are grown.” However, it must be recognized that these 
results are for one year only. Further experiments with the two 
systems must be carried on before the long-cane system can be 
recommended unreservedly . 

Kniffin’s or drooping system. This system, named after 
William Knifi&nof Clintondale, consists iu training the vine to posts, 
six feet in height, set by each vine. Two wires or horizontal bars 
are fixed, the one about three and a half, the other about six feet 
from the ground. One main stem is grown from the ground t© the 
upper wire. Only two branches are allowed on each wire, one on 
each way, the rest being removed. Four arms are thus encouraged 
and these are firmly tied to the wire and are extended to a length 
of 3 or 4 feet until they meet with their neighbours. Any shoots 
springing from each bud are allowed to hang down with their 
clusters of growing grapes. This method is much in practice 
in America and is said to have a distinct merit for strong growing 
varieties. It was adopted in the Ganeshkhind Botanical Garden, 
Kirkee, in the year 1912. The following statement shows some 
outturn statistics ; — 


System of training 


Single -stake 
Knifiin 
Single-stake 
Kniffin 


Name 
of the 
variety 

Total 
No. of 
plants 

No. of bearing 
plants 

Total yield 

1919 

1920 

1919 

1920 

Bhokri 

69 

56 

49 

lb, oz. 
302 2J 

lb. oz. 
209 15 

12 

11 

4 

184 9 

10 15 

Fakadi 

48 

14 

27 

97 lOi 

60 If 


16 

13 

15 

76 10 

36 1 


Av. yield per 
bearing xilant 


1919 


1920 


lb. oz. 

5 6*3 
16 12 

6 15 
5 14 


lb. oz. 
4 4- 

2 11 
2 3-/ 

2 6*4 


^ Agri, Expti Bin. Iowa Bull 160, Oct. 1915. 


4 Ol 



Tliis system has not shown any clecirled advantage over tlie 
local system of training except in the year 1019, when the average 
viekl of a hliohi plant was nearly tlireo times as mncli as that 
on the single-stake system. 



THE POI.LEX AXD HETTIOHS OK PJXOIXC 
IX IXCREASIXG FKriTJ-a’LXESS. 


Sthoy of 

AXD COILING 


Apart from the methods ot training adoptcci. oiner lines oi 
increasing the grape yield were carried out. fn the variet les noticed 
in the Ciamoshkhind Botanical Gaidou. Kirkce. two classes of grape 
clnsters were .seen to exist, viz.. (1) clustcis with chisely set fuiits 

and ( 2 ) clusters with berries set wide apait (Plate V. Jigs. I and 2). 

It was at fiist suspected that, in the loosely set cbistei s, the flowers 
may lie sterile. 

" This self -sterility (entire or partial) was studied by Professor 
Beach. He says^ : “ Many of the cultivated varieties ot American 
grapes are either self-sterile or very imperlcctl}' sell-sterile. In 
discussing the practical bearing of these diswn'ei ies upon the selec- 
tion of varieties ami arranging them in vine-yards so as to get the 
best results in fruit production, attention was called to the iatU 
that self-sterile varieties may produce well-filled clusters of fi'uit 
when the vines are located near enough to other kinds to make 
crosB-fertilixation possible.” The subject was fuitlier studied by 
Mr. Booth who states-^ : “ (a) The .self-sterility which is known to 
exist among many varieties of cultivated grapes is. in nmm cases, 
if not all, due to a lack of potency in the pollen, {h) This lack of 
potency is indicated in the pollen grains by a sha.pe wiiich i,- <{uit(‘ 
h from that of notent pollen, (c) ( 'citain varieties of gr a,pe.s 


mm '^ork Agri. Mxpi. Sin, Bull, 1 57 . 
® Yofh A^fi> Bin, BulL 224 , 


PLATE V. 
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tlie slide or is placed in liquid media arranges itself in a succession 
of clumps. This mucilaginous substance does not appear to be 
soluble in water, as the pollen grains retain tlieir respective 
positions even after several days in tbe solutions. The self-sterile 
pollen, on the other hand, shows no such arrangement but the 
grains distribute themselves either on the slide or in the liquid 
like so much dry powder, quite by chance. The self- fertile 
forms are oblong, blunt at the ends and quite symmetrical. 
The self-sterile sorts are quite different in shape, being more 
irregular and usually more pointed than those of the other 
class.” 

I set to work on the lines suggested above in November 
1919, but my laboratory examination of the dry pollen grains 
did not reveal any characteristic difierences in the size or 
shape of the difierent classes of pollen. As the blooming season 
of the grape is very short, my observations were, moreover, 

. limited. 

At the present stage it may fairly be said that the flowers of 
varieties existing in the Ganeshkhind Botanical Garden were not 
found to be self-sterile. Other attempts, therefore, of improving 
the yield adopted in foreign countries, viz., girdling or ringing and 
coiling the branches had to be adopted. 

Girdling. This consists in the removal of a ring of bark to a 
width of half to one inch. The principle of this is to concentrate 
a large amount of elaborated food material in the portion of 
the branches situated above the ringed area and thus stimulate 
them to bear flowers and fruits. It is practised by the Greeks 
to promote setting of fruit, uniformity of bunch, and increased 
size of berry .1 In the work done by the writer, a narrow ring of 
bark to a width of to 1 inch was taken from the fruiting canes 
of the pandJiari-saJiebi variety between the first end second 
nodes. The operation was done immediately after pruning on 
October 22, 1919, and also when the leaves had appeared, viz., on 
18th and 19th November, 1919. 


1 acirdenani Field Australia, cited in Pao. Coast Pratt World, May 24, 1901. 




Nature of the opt'ration 


of shoots 
t roateii 


lb. oz. 


1 

1 Coiling the canes . . • . • • | 

43 

0 

ra 

2 

i Binging the spurs immediately after lUTining » . ! 

38 

1 1} 

5 

3 

1 Hinging the spurs when new growth had, fornuMi . . | 

34 

0 

8 

i 

! Long rods kept . . 

3d 

. 8 

i 


Besides tlie above, the operation of coiling the canes was also 
done. This is usually done, in the Gaueshkhind Botanical Garden, 
in the case of grape plants on bowers and lias liecoine an annual 
operation (Plate V, fig. 3). It had not however been done on the 
shy bearing varieties. In order to ascertain its efficacy on the 
pandhari-saheU variety, the canes were severely coiled so as to 
form two or three circles and firmly tied in position by means of a 
string. The following shows the results obtained : — 


Though the above are the results of one year’s trials, they 
indicate that ringing even before or after the formation of leaves 
failed to give good results in the case of the variety pandhan- 
sahebi. 


Influence of stock on the yield. 

Mr. H. V. Gole, the well-known grape grower of Nasik, tried 
the grafting methods and has found that fahadi, when grafted 
bhohri, yields 2 lb. more than the average yield on its own roots.^ 
The experiments conducted in the Ganeshkhind Botanical 
Garden are inconclusive. 


Yield in relation to manuring. 

In order to ascertain the efficacy of some manures in increasing 
the grape yield, experiments were started in the Ganeshkhind 
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Y ariety Bhohfi : treated in Oct. -Nov. 1912. 


Manure given per tree in 
one dressing 

No. of 
plants 
treated 

No. of 
bearing 
plants 

No. of 
bunches 

Total 
wt. of 
bunches 

Yield per 
bearing 
plant 





lb. oz. 

lb. oz. 

1 Fish manure 8 lb. 

i 6 

6 

28 

9 3 

1 

Sulphate of potash 1 lb. . . 






2 Fish manure 8 lb. 

6 

6 

13 

3 12 

0 15 

3 Farmyard manure 20 lb. . . 

6 

4 

10 

2 13 

0 11 

4 Safflower cake 8 lb. 






Sulphate of potash 1 lb. . . 


4 

21 

3 8 

0 14 

Bonemeal 2 lb. 

J 





.5 Safflower cake 8 lb. 

f ® 

6 

39 

13 1 

2 3 

Bonemeal 2 lb. 

j 





f> Sheep dung 20 lb. 

6 

0 

17 

4 ■ 2 

0 11 

7 No manure . . 

1 16 

r> 

17 

3 14 

0 10 

I* 


The plants were planted in February 19H, Le., the fruiting above referred to occurred 
when they were just two years old and was not therefore up to normal. 


Tte results of 1912 showed in favour of treatments 1 and 5, and 
hence these two were selected for experiment in 1913 against 
farmyard manure by itself. 


Variety BTiohri : manured October 1913. 


Manure given per tree 

No, of bearing 
j)lants 

Total yield 

Yield per I 
bearing plant 

Yield per 
bearing plant’ 
1912-1913 



lb. oz 

lb. oz. 

lb. oz. 

Parmyard manure SO lb. 

23 

61 0 

1 . ^ 

2 lOi 

0 Hi 

Fish manure 8 lb. 

1 23 

72 0 

■ 3 2 ' ■ 

1 1 8J ' . 

Sulphate of potash 1 lb. 

I 




Safflower cake 8 lb. 

\ 28 

55 13 

2 0 

2 3 ■ 

Bonemeal 2 lb. 

1 


— 



As the flowers appeared soon after pruning, it was found 
doubtful if manures applied in October really afiecte t e amoim 
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Varktij Bhahri : niaiiiim/ April I!)! 4 


Maiiureti p:iven per plant 



Farmyard manure 80 lb. 

Fish 81b. and sulphate of potash I lb. 
SafSower eakc 8lb, and honemoal 2 ib. 


The two years’ results show in favour of 
manure and sulphate of potasli. 


Conclusions. 

The following conclusions are arrived at : — 

(1) The umbrella system has so far been found to give iietter 

yield than others in the case of Wtoh'l variety. It 
remains yet to be seen how far this system could be 
adopted on a field scale. 

(2) In the year 1919-20, the overhead system of training 

has given three times as much yield per j)]ant as that 
on the single-stake in fahadi variety, the amount of 
space occupied being the same in each case. 

(3) The Junnar system has given a better yield than the 

single-stake system but entails a good deal of manual 
labour. 

(4) Examination of the pollen grains oifahuli and pandkiri- 

saJiehi variety did not show the characteristics 
noticed in the flowers of partially stiu'ilc varieties in 
America. 

(5) Among the manures tried, a combination of fish manure 

and sulphate of potash has given favourable results. 





Zinnia plants attacked by the chilli mite. 




THE “ MIIRDA” DISEASE OF CHILLI (CAP/SICDM). 


G. S. KULKARNI, M.Ag., 

Assistant Projessor oj Mycology, Agricultural College, Poona. 

This is a very serious disease, nay, in fact tlie greatest enemy 

of the chim plant, occurring in most parts of the Bombay Preen 

dency. It ie, therefore, well known to the cultiyatois who call l y 

various names as murdu, goja, macoda and mirya m the Deccan, 

cWimjo or muSeyorimya in the Karnatak, and foto*.o m 

disease makes its appearance first in the terminal or axdla^ 

tender shoots of the plants. The leaves of the ^ 

curled up usually outwards and droop down (Plate VI, fig. 1), 
Often they show much distortion and wrinkling and are reduce 
Uiten t y , n 4 ond dton down. New shoots come 

insise. They gradually dry up I, 

n-n whirh are in turn attackea and dea.tro} ■ s e .-u 

Lnts is thus checked. The disease appears at any stage of ^e 

H it begins at the — 

rwtL\“a "^f thTdiseased'flowers wither and drop dowm 

rthe^fewihatescapefo— whic^^^^^^^^^ 

The attacked fruits are muc ^ ,,.pg branches, and 

Paper road at the Eighth Indian Science Congress, Calcutta, 1S21. 

( 61 ) 
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I'ecognized witli great difliciilty, Htudi a severe was noticed 

t-liis year (1920) near Poona in the Barainati valhjy wliei'e in most 
of the fields the crop was a failure. Re})orts of raviigea of this 
disease have also been received from the tracts of Bijapur, (fokak, 
Ko1]\a])nr, Ivhed, Amalssnl and Auand. 

ddie cause (»f this disease, is the same mite wldch (-aust's the 
tamhei'd disease (»f potato.' 'I’liat tlie potato mite has sometimig 
to do with the chilli troubl<^ was suHi)ected by IIh* writm' while the 
tamherd disease was being studied in the year 1919, but an attenpit 
to jn'oduce the disease m (‘hill; jilauts by iniHudatum e.\{)i'iinieni.s 
was not siuicessful as mentioned in the ]>revious ])a]>er, pndiably 
because the exnerinieiits wore done rather late in ilu; season. The 
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The cause of this disease, which , had bafi&ed our efiorts so long, 
having been discovered, attempts were at once made to treat the 

, diseased plants with the lime-sulphur wash. Spraying experiments 

were made at seven different centres in the Presidency-Gokak 
farm and Goshanhatti in the Belgaum District, Tikkoti and Muttagi 
in the Bijapur District, Baramati and Karkumb in the Poona 
k District and at Rukdi in the Kolhapur State. Only one spraymg 

was given. Favourable reports as to the efficiency of the treatment 
were received from all the above places. The results were most 
successful especially at Gokak and Rukdi, while in other places they 
were not so marked as the disease was in a far advanced stage at 
the time of treatment. These preliminary trials show that only one 
spraying is enough to control the disease if done at the time when 
the disease just appears. The cost of spraying per acre came to 

t • Search for other host plants of this mite has shown that besides 

guar {Gyamopsis psoralioides) as mentioned in the previous paper, 
it occurs on Zinnia, Dahlia, Tagetes, MifaUlisJalapa, Cape goose- 
berry, Amaranthus polygonus and Physahs minima. In the case of 
I Zmnia, the affected plants get stunted in groivth, the leaves are 

twisted and crumpled in various ways and no flowers are borne 
(Plate VI fig 2). If the flowers appear, they are few and are 
much reduced in size. Often the flowering parts are traneformed 
into leafy shoots. Early in the season this year, a few affected 
Zinnia plants in front of the Agricultural College buildings, Poona, 
attracted the writer’s attention, and examination of these showed 
on the under-surface of the leaves any number of moving mites 

agreeing with those on chilli. Cross-inoculation experiments were 

made, using the mite obtained from one host to inocukte the other. 
The results were quite successful, showing the tyq)ical symptoms 
of the disease in each plant. The Zinnia disease was one of the 
constant complaints received from the public, and the worst attack 
* noticed in Poona during the last six years occurred this year (1920) m 

the Government House Gardens, Ganeshkhind, where all the Zinnia 
plants were completely spoiled. Its ravages were also reported from 
the Victoria Gardens, Bombay. No spraying trials were undertaken 
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as the season and the disease had far advanced when the repoits 
were received. 

As the mite lias already been described in the previous jiaperd 
it is not necessary to repeat the description lieiv. 

It is hazardous, no doubt, to uttcmjit to idioitity the mite, a< it 
is tile w'ork of a specialist. However, the following is the venture 
made liy the writer. 

In the Indian literature on mites a Litchi dismise has been 
described by Misra.'^ 'riui mite in the attacked parts of the plant 
causes a jieculiar haiiy growth and it is said t(» Ite a species 
of Eriophi/ea. 'I’here is another disease on cotton and jasminum. 
Here too in tlie attacked parts the mite produces woolly growth and 
it is said to belong to a species of Fhyloptm. The chilli mite differs 
both in its morphological characters and in the effects produced on 
the host from these two species. Carpenter’s^ statement that the 
mite may belong to a red spider group (Tetranychidio) does not 
seenir to hold good. The TetranychuUtd iiave six segments in tlieir 
legs, while the legs of this mite have fiv'e segments (Plate VH, 
fig. 2). The mite comes very near to the yellow mite of the 
genus described by Watt and i\iann.''* 'The description 

and illustrations of the yellow mite agree completelv' with, those of 
this mite. The peculiar sucking discs with two booklets at the en<l 
of the legs — characteristic of Tarsouymidie®-- -are also noticed, it 
may therefore be a species of Tursonymldfe. 


^ Agri, Jour, India, XV, pt. HI 
- Agn, Jom\ India, VII, p. 285. 

■' A Now ilisease of the Irish Potiitoe.s. Phijtoputhologt/, VIII, j). 285, 
^ Brown, Max. Anhml ParasUea of Man, 1905, p, 955, 

^ Watt and Man.i* Peata and Blights of Tea Plant, j.903, p. 950, 

^ Brown, Max, Animal Paraaitaa of Man, 1905, p. 955. 
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H. B. HUTCHINSON, Pif.D., 

AND 

F. H. RTOHAUDS, R.So., F.I.C., 

Botliamsted Experimental Station. 

As a consequence of the campaign for increased food production 

during the war, and the resulting extension of the area under cerea 

crops, it was thought that, even after making allowance, for 

disposal through the usual channels, there might s -i 

surplus of straw which could not be utilized for fee mg 
huipiuo . T+ vcro« tborefore determined to 

conversion into manure. It was, tneieioie, 

. investigate the possibility of converting straw, into manure without 

the intervention of live stock, and a special grant-in-ai ^ 

investigation was made to the Kothamsted Experimental Station 

by the late Food Production Department. Apart 

dftioiis, the possibility of adding to the supply 

deserves consideration. In the case of market gar 

the difficulty of obtaining adequate supplies . 

increasing. The investigations described below in ica e a 

by which straw can be converted 

scr - 

economic , Lord Elveden has also generously 

are in progress at Rothanistecl. bis 

provided oesietance and facilitiee for ercpenmental work on lue 

Pyrford estate. 

♦Reprinted from Jour. Min. Agri., XXVIII, no. 5. 
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Of a considerable number of preliminary expcriuients to secure 
obvious breakdown and colour changes in fermenting stra.w, the 
most promising results were obtained when straw was sulijected to 
the action of a culture of aerobic cellulose-decomposing organisms 
(e.ff., SpirocJmki cytophaga). Further enquir}' showed, however, 
that this effect was not due simply to the provision of an organism 
capable of breaking down cellulose, but ratlier to the indirect effect 
of the mineral substances contained in the culture fluid. From 


this point on, the cpiestion of food supply — as distinct from the 
addition of any particular species of organism— -received special 
attention, and, as will be seen later, led to results possessing both 
theoretical and practical importance. 

W ithout entering into a detailed account of the various stages 
of the investigation, we may state here tliat the most essential 
factors making for the production of well-rotted artificial farmyard 
manure are air sujiply, suitable temperature, and a suitable supply 
of soluble nitrogen compounds. 

(1 ) Air supply. It has been found invariably that characteristic 



breakdown changes in straw remain suspended when a free supply 
of air is excluded either by intense consolidation or by immersion of 
the straw in liquid. The fermentation appears, therefore, to be an 
essentially aerobic one, at least in its early stages, and the typical 
disintegration of the straw with the production of dark-coloured 
plastic material does not take place in the absence of air. 
Moreover, the colour of the aerobically produced manure is 
rapidly reduced when oxygen is excluded. The great importance 
of air supply is shown by the following experiment, in which four 
lots of straw were fermented under aerobic and anaerobic'. 


Loss OF DEY MATT33B 


Straw without 
nitrogen 


Straw with 
nitrogen 


Per cent 
17-1 
50*8 * 


Without air supply 
With air supply 
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The data explain what may be seen in the ordinary heap of 
farmyard manure, viz., that straw submerged in liquid urine, and 
therefore protected from air, remains in an unchanged state for 
long periods. On the other hand, the practice of carting manure 
from the yards and boxes and storing it in hea;^s in the field, 
although carried out for other reasons, provides better conditions 
for rotting than are likely to prevail where the dung is consolidated 
by trampling and saturated with urine. 

(2) Suitable temperature. Except in those cases where straw is 

being fermented under otherwise unfavourable conditions, special 
measures to maintain a favourable temperature for fermentation are 
not called for. In common with other fresh fermentable materials, 
moist straw rapidly undergoes a preliminary fermentatioir during 
which the temperature may rise to upwards of 65°C. (149°F.). It 
is, however, in the subsequent stages that the effect of treatment 
becomes most evident in maintaining the temperature. Experience 
has shown that a supply of nitrogen, by increasing the energy of 
fermentation, leads to an increase of 15-20° C. (59-68° F.) in 
favour of straw which has received a sufficient supply of nitrogen, 
as compared with untreated straw. * — 

(3) A supply of soluble nitrogen compounds in suit^e 
concentration, and possessing a neutral or slightly alkaline reaction. 
Eepeated experiments have shown that the most rapid breakdown 
of straw occurs when some source of nitrogen in an available or 
indirectly available form was supplied, and then only in those 
cases where the reaction of the solution was neutral or slightly 
alkaline. Hence the supply of nitrogen in the ammonium sulphate 
alone fails .to lead to definite breakdown since the medium soon 
becomes markedly acid, while, on the other hand, the supply of an 
alkaline compound alone, such as caustic soda, is equally inefiective, 
since a source of nitrogen is lacking. The addition of nitrogen in 
the form of urine, urea, ammonium carbonate, or peptone within 
certain concentrations immediately sets in train rapid decomposi- 
tion changes, and results within the period of a few weeks in the 
production of dark-coloured, weU disintegrated, structureless 
material closely resembling well-rotted manure. That this should 





> See, for example, RnseeU aad Richards, Jmw. Agri. Sci., 1917, VlII, p. 495. 
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be tlie case with, urine was perhaps not i-euiai-lcable, altiiougli tlie 
factors which operate in the essential (luug-maldug process had 
not then been individually worked out, but that an es.seiitiall}' 
characteristic product could be obtained without tlie use ol urine 
or of the f»cal portion of the manure as ordinarily produced was at 
once suggestive. On the basis of subsequent work, it may indeed. 

1)6 claimed that, in the production of normally weli-rottcd iarinyard 
manure, the mass inoculation of the litter with the large bacterial 
population of the fieces does not exert any marked contributory 

influence on breakdown changes ; that the urme, as such, apart 
from being the carrier of nitrogen, does not induce any characteristic 
changes in the straw, while the typical smell and colour of stale 
urine” from the manure heap may lie successfully i-eproduccd from 

straw treated with ammonium salts. 

Although it is important that available nitrogen siiould be 
present for the rotting process, it is also not less essential that the 
quantity of nitrogen should not exceed a deiinite amount lioth 
actually as well as in concentration. In other words, it the 
concentration of ammonium carbonate produced from the decom- 
position of urine or urea exceeds a dehnite limit, not only are straw - 
breakdown changes definitely held up, but they continue to be 
inoperative until by volatilisation, ami consequently loss ol nitrogen 
to the air, the concentration or alkalinity has_ been reducetl to 
the upper limit of growth of micro-organisms. TJds must be reejarded 
particularly important, since the highest comentruUon Jor rapid 
breahdoivn is appreciably below that oj the weakest undiluted urine. 

It follows that it is quite impossible to produce well-rotted 
dung by the use of neat urine without considerable losses, diiis 
fact may be illustrated by the following table, and, incidentally , is 
shown by all the investigations that have been carried out ou the 
T p a hmg of farmyard manure.^ Three equal portions of straw 
ere saturated either with water or urine and allowed to ferment 
for three months in the laboratory, the two portions with urine 
being subjected to different temperatures. As will be seen from the 
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following table, these two portions fermented to different degrees 
- — the dry matter losses being 49 and 60 per cent, respectively, 
hut the final nitrogen content was almost identical, and practically 



Loss of 

Nitrogen 

Temperature 

dry 

matter 

Initial 

Final 

Loss — or 
Gam+ 

Straw with water (36°C. = 97 °F.) 

„ urine (26^0. = 80"F.) 

» (36°0. - 97 "F.) 

Per cent. 
40*1 

49'1 

59*8 

mg. 

71 

507 

507 

mg. 

97 

178 

176 

mg. 

-1- 26 

- 329 

- 331 


lu WOUm UtJ tJiiUliCUUD, iJLUVY^v^i., Wc/ .w 

inevitably connected with a satisfactory breakdown of straw, or that 
the conditions ordinarily obtaining in the farmyard at all represent 
optimum proportions between the straw which is to be decomposed, 
and the concentration of nitrogen in the urine which eventually 
serves for this decomposition. That equally good rotting may be 
obtained without loss of nitrogen is shown by the cases given in the 
table below. In the experiments to which the table refers, straw 
was incubated with urine indifferent concentrations for periods up 
to 86 days. Even after this period the losses that occurred with 
satisfactory rotting and within the lower concentrations were 
only about 4 per cent, of the total nitrogen of the final product. 
The ordinary losses of the manure heap are frequently more than 
tenfold this amount. 


Number of experiment 




(1) 

(2) 

(3) 

(4) 

(5) 

At beginning — ■ 

Straw and urine nitrogen 

•• 

,:77*-5 

li57-6 

237-6 

317*6 

397-6 

After 86 dai/s — 

Total nitrogen 


:77-3, 

153-1 

226-8 

262*1 

308-0 


In addition to the two phases aireaay 
straw overloaded with nitrogen loses it to a definite degree, and (b) 
in which straw with the requisite amount of nitrogen may undergo 
rotting without appreciable loss and is therefore in a state of 
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equilibrium, there exists a third phise iu which, imcler-saturated 
straw, by the agency of micro-organisms, exliibits a well-marked 
property of picking up nitrogen, particularly in the form of 
ammonia, until the same final content of nitrogen in the rotted 
product is attained. Hence we might expect that in two different 
but adjacent portions of fermenting sti'uw, the one overksided 
with, and the other lacking, nitrogen, the former poithm loses and 
the latter accumulates nitrogen until a common level is approached. 
That such is actually the case is illust rated by t.hc lollowing data, 
and is diagrammatically represented iu Fig. 1. Ten portions of 


tfrea or ammonia nitrogen 


Straw nitrogen 


Fig. 1. The diil aagiiasfcrates fche power of under-saturated straw to pick up ammonia 
losh by super- saturated straw- Ten portions of straw with increasing quantities of 
nitrogen (as urea) were allowed to ferment for three mouths. 
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straw were moistened to the same extent, and while one received 
water only, the others received additions of soluble nitrogen in the 
form of urea in varying quantities, until the last portion was 
saturated with a solution similar in concentration of nitrogen 
to that of horse urine (1 per cent, of nitrogen). The different 
portions were then kept in an incubator for 3 months, at the end 
of which time it was evident that, contrary to expectation, the 
straw, without or merely with low closes of nitrogen, had passed 
through a marked rotting process. On analysis, however, it was 
found that there had been a definite accumulation of nitrogen in the 
lower members of the series, while the higher members had lost in 
some cases the greater portion of their original nitrogen. 

The decomposition oj straiv in the presence o/ varying quantities of 

nitrogen as urea. 

Number of experiment 


Treatment 

1 

2 

3 

4 

5 

.6 

7 

' 8 

i 

9 

10 

At heginning 



1 








Straw nitrogen mg. 

71 

71 

71 

71 

71 

71 

71 

71 

71 ! 

71 

Urea nitrogen „ 

— 

5 

10 

24 

48 

97 

243 

486 

729 1 

973 

Total nitrogen „ 

■ 

: 71 . 

1 

76 

81 

95 

119 

168 

314 

557 

800 

1,044 

At the end of 3 






i 





months 











Organic nitrogen mg. 

180 

177 

174 

190 

192 

171 

245 

269 

181 

134 

Ammonia „ „ 

— 

5 

2 

4 

4 

29 

74 

68 

71 

76 

T otal ft ft 

180 

182 

176 

194 

196 

i 

! 

200 

319 

337 

' 252 

1 

210 

Gain or los» „ 

109 

106 

95 

99 

77 

32 

5' 

—220 

1 

•—548 

—834 

Dry matter, loss 









1 


per cent. 

49 

46 

45 

49 

1 47 

53 

51 

48 

1 19 

■14" 


In seven out of the ten cases the final nitrogen of the fermented 
straw varied only between 180 and 210 mg., irrespective of the 
nitrogen content of the original mixture. It should also be noted 
that the extent of the rotting, i.e., the loss of dry matter, in 
experiments 1-8 was very much greater than in 9 and 10 in which the 
straw was subjected to the action of solutions closely^approaching 



1 
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the cniiceuti-Htion of ordinary urine, t!ie hi^h alkaiisiily of the 
latter exercising a check on decomposition. 

Tn the main, the nitrogen retaincil by supei'-satu rated straw, 
or such as is accumulated by under-saturated straw, as in Nos. ]-(i 
in the above table, appears to be storcil uj) in an organic or 
non-ammuniaeal form. The maximum retention has Iteon iuundto 
occur within the first four weeks, after whidi i.iine breakdown of this 
organi<; nitrogen to ammonia and consequent loss f>y volatilisaticm 
seems to keep ])acc with loss of diy matter. Kiually, the 
material assumes a “ stabilised ” condition- the loss of nitrogen 
becomes greatly diniinished or may be absent altogef.lier for long 
periods. These three phases -accumulative, dis])ersive and stable 
are shown in Fis. 2, which illustrates the tMX>, and extent of the 


After IT day^ 


After day: 


At Begimltig 


After 45 


After 39 days 


After 3X day» 


After 69 <3ay^ 


After 227 


Fig, 2. The diagi am ilUistratesi the changes that occur when straw is fermented 
^ in the presence of urine. The black discs represent fixed nitrogen, and the 
white outer circles represent ammonia nitrogen. 
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changes taking place in a mixture of straw and urine during a period 
of four months. Between the 60th and the 120th day little change is 
found to take place either in the amount of stabilised or fixed 
nitrogen or the proportion of this nitrogen and the ammonia which 
appears to be held by fermented material even at a high temperature 
(37°C. = 99°F.), and in spite of the frequent handling and exposure 
associated with sampling operations. In general, it may be stated 
that when straw has worked from an unsaturated to a “ stable 
phase little or no free ammonia is to be found, but straw which 
commences with a super-abundance of nitrogen appears to hold, 
when in a fermented state, upwards of 14 per cent, of its nitrogen 
in the form of ammonia so long as the material is in a moist condition. 
Desiccation leads almost to complete loss of ammonia, and in this 

respect as well as in the proportion of ammonia in the moist material, 

the artificial resembles the natural manure. 

From the study of the inter-relations between nitrogen and 
straw, we have come to the conclusion that the amount of nitrogen 
necessary for pronounced rotting, and the amount which straw is 
capable of “ fixing ” in the form of ammonia are identical, and that, 
in general, the figure varies only between 0-70 and 0-75 parts of 
nitrogen per 100 parts of dry straw. Within these limits fermenta- 
tion proceeds without loss of nitrogen, and it is obvious that, except 
in so far as the nitrogen content^of the original straw varies, the 
final “ stabilised ” product obtained when rotting has proceeded to 
the extent of 40 to 45 per cent, of dry matter mustiikewise exhibit 
comparatively slight variation in its nitrogen content. In our 
experiments the “stabilised ” product obtained from the fermenta- 
tion of straw under a variety of conditions possesses a nitrogen 
content of about 2 per cent, calculated on the dry material. 

It thus becomes possible to estimate fairly accurately what 
the nitrogen content of any particular sample of fermented 
straw will be when rotting has proceeded to an appreciable 
extent. If, for example, the nitrogen content of the original 
straw is equal to 0-50 per cent, and we assume that the theoretical 
amount of ammonia nitrogen, equal to 0-72 lb. of nitrogen for 
100 lb. of straw, has been fixed, then, with a loss of 40 per cent, of 
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Suggested method for the preparation op 
ARTIFICIAL manure.* 

As regards lai'ge scale work, a imniber of factors have to be 
taken into account whicli did not operate in the laboratory experi- 
ments. Experience has shown that urea and ammonium carbonate 
are the most suitable carriers of nitrogen since they ensure a 
favourable alkaline reaction, and lead to rapid breakdown, provided 
that they are not present in large excess. They are, however, far 
too expensive at the present time to admit of general use in farm 
work, although a reduction in the cost of manufacturing synthetic 
urea would create conditions favourable to its extended use. As 
an alternative source of nitrogen, cyanainicle (nitrolim) and sulphate 
of ammonia have been used with success. Whilst cyauamide 
already contains sufficient free lime to keep in check any acid 
compounds formed during fermentation, sulpliate of ammonia must 
be supplemented by the addition of a base, and for this purpose 
finely-ground chalk, ground limestone, or waste lime from causti- 
cising plant at soap works may be used. For general purposes it 
will be found that upwards of cwt. of sulphate of ammonia and 
1 cwt. of finely divided carbonate of lime per ton of straw are 
sufficient to induce fermentation. The main obstacles to large 
scale operations at the present time arise from the great tardiness 


* This process, as well as its application to the purification of sewage, has been covered 
by Letters Patent {British Pat. Ho# 152387). 
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with which raw straw takes up the moisture necessary for fermenta- 
tion. Where pits are available this difficulty may be overcome by 
allowing the straw to remain immersed for 2 to 4 days, after which 
the free liquid may be drained off. In the case of heaps or stacks 
on open ground no advantage appears to be obtained by continued 
wetting with large quantities of water, and we suggest, as a more 
effective method of securing the necessary saturation of the straw, 
sprinkling the heap comparatively lightly with water and allowing a 
couple of days to elapse before a second sprinkling is given. During 
this time a slight fermentation with increase in temperature sets in, 
rendering the straw more capable of absorbing a second slight 
application of water than would otherwise be the case. When 
examination has shown that the interior of the heap has become 
uniformly moist, the source of nitrogen may be applied in the form 
of solution, or in the case of cyanamide and other products, this 
may be broadcasted over the surface of the heap and watered in. 
The most convenient method of making the heap, wetting the straw, 
and supplying the necessary nitrogen for fermentation depends so 
much on local conditions that much must be left to the initiative 
of the farmer himself. 


General characteristics of artificial farmyard 


MANURE. 


Artificial farmyard manure prepared from straw is a well 
disintegrated plastic material in which the tubular character of the 
straw has been to a great extent destroyed. There is an almost 
complete absence of smell, the little there is being slightly fusty or 
mouldy in character. When prepared through the agency of a 
compound in the presence of free lime, there is a tendency toivards 
the production of a blackish colour, while if prepared from soluble 
alkalies such as ammonium carbonate, liquid ammonia or 
compounds giving free ammonia such as urea or peptone, or in the 
presence of sodium hydroxide or sodium carbonate, the colour is 
dark brown, and differs. only slightly from the natural product. 
The liquid, which is gradually expressed from the fermenting straw 


as more and more dry matter is lost by fermentation, has a 


I 




L.,. . 



(lark iirown colour aiul a sjuoll wliicli is indisliiignislialilo froin stair 
urine. 

Application op results to 'itie l■Roru'CTIox op 

ORDINARY PARMYARD iMAXURK. 


Biuce it lias been possible to jirodiicc mat<'rial identical in 
physical properties with well-i-otted farmyai-d nianurin differing 
only in eliemical composition in so i'ar as the latter contains 
appreciable quantities of phosphorus and potash derived from foods 
consumed by the animal, the possibility suggested itself t hat the 
results might be applicable to the making of ordinary farmyard 
manure and led to an incpiiry in this direct ion. 

Of the three constituents ordinarily presimt in manure- urine, 
fsoces and straw — the feces appears to contribute to the jdiysicid 
character of the product only, since manure can be ]>rodu('ed 
without their presence. Moreover, definite exjieriments have shown 
that, chemically, fsecal nitrogen is to a great extent inert and is not 
capable of contributing to the decomposition of straw to any degree 



comparable with urine nitrogen. On the coutrar)', certain metlrods 
of feeding farm animals, and particularly of horses, sometimes load 
to the production of faeces containing quantities of readily availalile 
carbohydrates, and it has been shown ^ that such fteces are capable 
of supporting the fixation of atniosjrheric nitrogen. There is every 
reason to suppose, therefore, that the ficcal portion of the manure 
heap incliires slightly in the direction of itself requiring nitrogen 
rather than acting as a source of nitrogen for the decomposition of 
straw. With the above exception of some horse fax-es, the solid 
excrements of farm animals may be regarded as having leached a 
state similar to tliat observed above in fermented straw, i.e., 
containing roughly 2 per cent, of nitrogen in the dry matter. This 
is borne out by tlie following mean figures which have been olitained 
from various sources — 

Horse f^es (mean of 8 records ) = 2'00 per cent. N in dry nialtci’. 

Cow * „ ( „ „ 11 . „ ) = 1-88 „ „ „ 

Steep „ ( „ „ 7 „ ) = 1-92 „ „ „ 

Arerago of 26 records = 1'93 „ „ „ „ 

, - 7 “- — — . ■ ' 

Agn'. Set, 1917, VIII, p. 299, 
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We thus see that during the process of digestion, and also 
possibly by virtue of bacterial action in the intestinal tracts, the 
percentage of organized nitrogen closely agrees with the figure 
repeatedly found for fermented straw to which purely mineral ■ 
nitrogen was supplied, and subsequently converted by a bacterial 

action into organized nitrogen. 

Since evidence of this stabilised condition is found in the 
product of the fermentation of straw and urine, and also in the 
undigested portion of food passing through the animal, it might be 
expected that comparable conditions would prevail in the manure 
heap. Despite the fact that the manure heap usually cmsists of 
the liquid and solid excrements of different animals fed with widely 
different diets, together with litter of various kinds and m variable 
proportions, and that this mixture is allowed to mature under 
conditions absolutely lacking in uniformity, the majority of the 
available data regarding the composition of farmyard manure 
indicate a striking similarity in the percentage of fixed or nm- 

ammoniacal ” nitrogen. Without giving details of the methods of 
feeding or the conditions under which the manure was produced, 
it may be sufficient to state that the mean content of fixed or 
organized nitrogen in manure made under controlled conditions in 
America, on the Continent, and in this country, proves to be 2-09 , 
per cent, as a mean of 43 records. We are now in a position to 
appreciate more accurately the character of the changes which 
proceed during the making and storage of manure. Eepeated 
experiments carried out during the last three decades have shovin 
that during this process a very considerable proportion of the 
nitrogen originally contained in the food and litter is almost 
invariably lost, and this loss, which may amount to upwards 
of 40 or 50 per cent, of the whole, appears to fall largely, or 
even exclusively, on the urine nitrogen, i.e., the most valuable 
nitrogen, since it is the most readily available constituent of 
the manure. To prevent or reduce this loss both chemical and 
physical measures have been suggested, all of which have proved 
either ineffective or have , interfered seriously with the. rotting 
process, 
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If dung-making be regarded as essential !y a straw-rotting 
process it is possible to obtain some ex}>lanatio)i rtf much of the 
loss wliich lias lieen found to occur. Wq ha\'e seen tliat tlie 
nitrogen-fixing power of straw is strictiy iimitoii. ami that any 
surplus nitrogen in the form of ammonia is liahie to loss by 
eva])oration. It may therefore be assumed that the practice 
of supplying concentrated feeding stufTs f,o farm livestock 
merely results in an increased prodiiotiou of stduble nitrogen, 
which, owing to the normally overloaded conditi(m cd' the litter, 
is liable to relatively greater loss than wlmre smdi feeding stuffs 
are not used. 

have attempted to test the accuracy of this view by 
comiHiting the amount of nitrogen that ought under ordinary 
conditions to be recovered in the form of manure from any given 
system of feeding. For this purpose we liave taken— 

{«) the total amount of nitrogen contained in the straw 
„ used as litter ; this is apparently not in a form liable 

to loss ; 

(b) the amount of . indigestible or fmcal 

calculated from the digestion co-efficient 
consumed ; 

(c) 'the amount of nitrogen which the quair 

employed should be theoreticallv capabh 


nitrogen as 
of the foods 


artificial farmyard manure 
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Professor Hendrick^ on the feeding of bullocks on roots and straw. 
Tke following table gives an extract of Professor Wood’s data 
relating to tbe amount of total and digestible nitrogen supplied 
to the respective sets of animals, and the net amount excreted 
after deduction of the calculated nitrogen due to the live-weight 
increase of the animals. As the animals were not fed with straw 
but were able to pick over that supplied as litter, it has been assumed 
that one-quarter of the whole would be consumed, and due allowance 
has been made for this. In the two instances, therefore, after 
making this deduction, 41-15 and 83-85 lb. of nitrogen were supplied 
to the animals, whilst only 30-9 and 46-70 lb. were recovered in the 
manure. The totals obtained by calculating the indigestible or 
fsecal nitrogen, together with that contained in the litter and the 
amount which this litter is theoretically capable of fixing, closely 
approach those obtained by actual analysis of the manure, being 
33-6 as against 30-9 lb. and 46-51 as compared with 46-70 lb. in the 
two cases respectively. 


Mangolds 

Hay 

Straw • • • • 

Cake . . 

Total nitrogen minus nitrogen 
live- weight increase 


FjBcal nitrogen 
Straw „ 

Nitrogen fixed by litter . . 
Nitrogen found as ammonia. 


Total (Calculated) 
Total actually found 



No CAKE 

Cake 

Total 

nitrogen 

Indigest, 
or faecal 
nitrogen 

Total 

nitrogen 

Indigest, or 
faecal nitrogen 

lb. 

4- 0 

8-5 

1*65 (i taken 
as food) 

5- 56 

lb. i 

17*6 

21*3 

9*0 

lb. 

4-0 

8-5 

1*7 

lb. 

17-6 

21-3 

8-6 

42-8 

n 

41-15 

14-2 

83-85 

19*71 




Calculated 

■ 



14-2 


19-71 

* 


7*3 


^7*0 



10-2 


9-8 


— 

1-9 


10-0 



= 33*6 


•=46-51 



= 30*9 

■ 

=«46-70 


^ North Scot. Coll, AQfio B'ull, 22, 1918. 
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The data refomug to Professor Hendrick’s experiiuoiits are 
contained in tlie table below in a souunvliai tanulensed form. 
The total amount of nitrogen supplied to the animals as 
food amounted U* G13 ib.f and of this it has bemi caieulated that 
42 lb. were retained by the increase in live-weight of tJie animals, 
thus making the total amount which should Itave been present in 
the dung equal to G7l lb., whilst only ,524 lb. u ere actually recovered 
as organic and ammonia jutrogen. For the calmdatiou, we have 
taken the fmeal nitrogen as given liy IhnlVssor Hendrick as 27(5 lb., 
the nitrogen contained in the litter as lUD lb., and the amount of 
nitrogen whicii would be fixed 1»ytho litter (eepud to 14(5 cwf . with a 
dry matter content of 01 pei- cent.) as 1U7 11». It will be seen that 
the sum thus obtained is f)R7 11 ). by calculation, as against 524 lb. 
by analysis. It should be noted, however, tliat Pi'ofessor Hendrick 
himself calls attention to the fact that the cattle used in the 


expei'imeut did better titan might Imve beett ex])ecte(i frotn ac<-epted 
scicyitiHc standards of digested litter, .uid rtiises the iptestion as to 
whether the foods iM.-tuiiliy used were tu)t more digestible tind of 
higher stu'ch Viduo tliiin is tdlowed in Ktdlner’s tibles. If this 
were the case, it would simjtly mciin iiuit the amount allowed in our 



calculation, as indigestible or Irecal nitrogen is somewhat too high, 
and would consequently bring the totals of the tuialytical and the 
calculated amounts into still closer agj'eement. 


{nahjtical data 


Onlcalnivd data 


Nitrogen in food 


indigest. (Caieal) nitrogen 
Nitrogen in litter 


Total nitrogen 


Nitrogen Oxed, by Iilier 
{lo;:]r>2 llx @ 'oi per 
cent.^ dry matter x 0*72, 
a.e,, fixation constant) 

NitrotTen as ammonia 


Total nitrogen recovered in' 
dung 


Total calculated 


Similar calculations have been made in the casi', of otlier feeding 
experiments, but these two instances will prob.ably suffice to show 
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E. J. RUSSELL, D.Sc., F.R.S., 

Diiector qf the Rolhamsled ExparimetUnl Station. 


i'liK begitmitig oi: much of our .scientific work on croj) ju'oductioii 
goes back to the j^ear 1843, vvlieu Lawes and (iilbert set out to 
discover why farmyard manure is such an excellent fertilizer. I’wo 
oppo.sing explanations were offered by the chemists of the day ; 
the older view, coming down from the eighteenth century, was 


the fertilizing value 


lay in tlie organic ittatter 


the newer view 


put forward f)y Lielng in 1840 was tJiat it lay in tlie ash constituents 
—the potasli, phosphates, etc.,— left after the manure is burnt. 
Lawes and Gilbert considered that it lay in the asli csmstit uents plm 
the nitrogen of the organic matter, and they devised a critical held 
experiment to decide tlie matter. 1’liey divided a field of wheat 
into ])iots of e(pial size, of which on,e received farmysu'd manure 
at the rate of 14 tons per acre, another received the aslses of oxactlv 




A. 



ssing oi farmyard manure, a third received the mineral 
e ashes plus some of the combined nitrogen that had 
ted on burning, and a fourth lay unmanured. The 
very striking 

Broadbalk wheat field, 1843. 


Grain 

Tons per acre 


Straw 

Cwt. per acre 


Farmyard manure 

No manure , , [ ] 

Ashes of farmyard manure * ] 

Mineral matter of ash plus sulphate of 
combined nitrogen 


ammonia to supply 


* Abstract of 
September 7, 1921, 


a farmers’ lecture of the British Association delivered at Edinburgh on 
■ Reprinted from Nature, dated 22nd September, 1921. 
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Tlic aslies proved, ineffective, but tbe asbes plus the combined 
nitrogen acted just as well as farmyard manure ; it is therefore 
these that constitute the fertilizing constituents of the manure. 
Thus the old controversy was decided in a way not uncommon in 
science ; neither side proved to be entirely correct, but both sides 
were found to have some basis of truth. Lawes and Gilbert did not 
rest content with this purely judicial and scientific conclusion *, 
they saw that they could make up this effective mixture of ashes 
and combined nitrogen from mineral substances without using 
farmyard manure. Even in their day farmers were unable to 
obtain sufficient farmyard manure, and it was therefore a great 
achievement to be able to supplement the limited supplies by this 
mixture. A factory was set up, and the manufacture of the 
so-called artificial fertilizers began. Subsequent experience showed 
that the ash constituents are not all equally necessary ; in practice 
only two of them, potash and phosphates, need be supplied in 

addition to nitrogen. . ' T 

Chemists are rightly proud of artificial fertilizers, for they have 

proved extraordinarily successful in augmenting crop production 
all over the world. The demand for them is enormous, and in 
consequence prices have risen considerably within the last thirty 
vears. Agricultural chemists are always looking out for new 
substances, and even during the war a new fertilizer, ammomum 
chloride, was added to the list and new plant has been erected lor its 
manufacture. Modern manufacturing facilities are, perhaps, 
adequate for present demands, but it is certain that much more 
fertilizer could be used, and that as farming improves the demand 


will increase. A , i -x 

Progressive farmers have long passed the stage when it was 

necessary to demonstrate that aitifioial manures increase crop 

production; the position now is the much more difficult one ol 

Liding how much money it is wise to spend on tertiUzers, 1 he 

old view was that the crop yield was proportional to the manuiia 

dressing i.e., that the more the manure the tagger the crop. Lawes 

and Gilbert showed this was not altogether correct, and that the 
yield fell ofi after a certain sited dressing was jeached ; tins. 



AOBlCULtURAL JOllffiAL ilF INDIA 


i i^er 


rc* $€ » 

Idea. 


Proporhonjil^ 

III en Oinii»T(sK»«j 
Rctu yn. 

($TR AtCHI! ttNC) 


Conlomously Small, 

falljvsg, Tliew Inc Teas iwg. 
Then Decreasing. 

<t«CARirHMIC CURVE ) ftUT<7CAT«UTtC*^MVt> 


Curves showing relationship between crop j^ield (plotted on 
vertical axis) and quantity of fertiliiser used (plotted on 
horizontal axis). 


There is no difficiilty about the general rule ; the difficulty ai 
when one tries to define a moderate dressing. The pro])len 
further complicated by the fact that the effect of the dressin: 
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greatly influenced 'b}?' the time wlien it is put on to the land. In 
our own case the results have been as follows : — 



Increased 
yield of grain 
Bushels per acre 

Increased 
yield of straw 

Gwt. per acre 

Date uf application of manure 

Feb. 10, March 6, May 10 

Feb. 10, Mar. 6, May 10 

Single dressing 

nil 0'9 2-7 

2-7 6'9 9*4 

Double dressing 

7-0 - 3-7 

11*7 - 12*7 


This experiment ought to be repeated in many districts, for it is 
by no means certain that farmers generally are using the most 
profitable quantities of fertilizer at the most elective time. It is, 
however, necessary to take into account something more than the 
quantity and the time of application of the fertilizer. It is essential 
also to have a suitable mixture. In the old days this question was 
thought to be fairly simple. Chemists used to think that if they 
knew the composition of the ash of plants they would know what 
manure to use •; it should supply all the ash constituents in the 
quantities present in the plant. This is now known to be wrong ; 
the composition of the ash aflords no guidance to manurial 
requirements, as was, indeed, shown by Lawes and Gilbert in 1847. 
The distinguished French chemist, Georges Ville, emphasized the 
fact that only properly conducted field trials would ever settle the 
question. Vast numbers of such experiments have been made, and 
they show that the problem is more complex than Ville thought. 
It is now known that no single formula expresses the fertilizer needs 
of a crop ; every district, almost every farm, has its own special 
requirements. 

Still further difficulty is introduced by the fact that the various 
artificial fertilizers not only increase crop yields, but also influence 
the composition and habit of growth of the crop. Nitrogenous 
manures tend to a vegetative growth of large, deep-green leaves 
which are somewhat liable to be attacked by fungoid pests. 
Phosphates improve, root development, and are therefore of special 
value for swedes and turnips they also hasten ripening, of grain, 
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manure never does badly even in the worst seasons, but, on 
the other hand, it does not give record crops even in the best 
seasons. What we should like would be something possessing 
the special values of farmyard manure in bad seasons, and of 
artificials in good ones. 

Further, there is a deterioration of yield on all our plots treated 
with artificials excepting perhaps those receiving exceptionally high 
dressings. This is shown on both the wheat and the barley plots 
and it is greatest on those plots where one of the essential fertilizer 
constituents is withheld (Fig. 2). 


-.jAop 


i6 sr6l 6^ri 72'8l 82’9I 92'0I 02' 1 1 13' 19 

Fig. 2. Effect of fertilizers on yieW of barley. 

( Hoi afield, Rothamsted, 1852-1919.) 


There is a third effect, which is vejj marked in, rotations. 
Farmyard manure appears to have a greater effect than artificials 
in increasing the growth of clover. Unfortimately the number of 
experiments is not very great, but, so far as they go, they s ow a 
striking superiority over artificials, and this extends not only to the 
clover, but also to the succeeding wheat crop. 
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'Fhe results at Rothamsted a« 

a * 



1 

i 

Maruiro applied to prcTioiis coni crop 

1 Yield of clover 

I Imy 

j Cwt. per acre 

1 

1 



VlRLII OF KlTOeEKDISC? 
WliE.iT CffiOP 

Grain 
Bu-fad'; 
per acre 

^tmw 

f'Hvt . pi*r acre 

Farmyard manure .. .. .. 

j m . : 

40 


Artifmials only 

! ■ 40 

:i7 

' SO'Ro ■■ 


At pmsent we oniuiot oxpliun iill t liese reiUiirkaltle fucis. There 
are several possilhlities - 

(1) Farmyard manure is known to exercise remarkable physical 
elfects on the soil, causing it to become ])uffcd up so that the empty 
pore spaces increase in sixe. I’he air su])})iy to ilie roots thus 
becomes better, the water supply is moi'e evenly regulated, the 
work of the tillage implements is lightened, and a good tiltli is more 
easily oldained. The dillercnce is well shown by the root ci'ops— 
swedes, turnips, and particularly mangolds, which' arc very sensitive 
to soil conditions, and being sown late, arc liable to sulfer from 
spring and summer droughts, 'fhe plots at Rothamsted receiving 
farmyard manure contain always some 2 - o per cent, more moisture 
than those receiving no manure or artihciais only, and tins enables 
the mangolds to keep growing during a drought which effectually 
checks all plants not receiving farmyard manure. 

(2) It is possible that there are chemical constituents iu 
farmyard manure which are not present in our artificial fertilixers. 
The old idea that nitrates, potash, and phosphates 03ily are necessaiy 

, may be wrong. Recent work by Maxe in Paris and by Dr. Winifred 
Brenchley at Rothamsted show that some of the other elemeiits 
may also be helpful. In the Rothamsted experiments very small 
quantities of boric acid added to the soil caused distinct increases 
in crops fully fertilixed with artificial manures. 'We cannot as yet 
1;." T.; recommend farmers to adopt this kind of manuring with special 
. substances, because it is very easy to overstep limits and do much 
to the crop, for the plant suffers seriously from even slight 


=*ll 
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excess. With fuller -knowledge, however, it may prove possible to 

keep this special manuring within bounds. ^ • 

(3) In the case of the clover crop the farmyard manure or t^^e 
straw in the litter may have a special effect on the organisms living 
in the root, causing them to increase the amount of nitrogen fixation 
and thus give larger clover crops and further enrich the soil m 

nitrogenous organic matter. _ 

Work on these problems is progressing; the scientihc 

investigator has, of course, to find out exactly what is happening 
before he can show the practical man how to exercise control. 

But in the meantime it is necessary for us to be^ practical 
and to do something, and the most obvious line of action is to 
increase the amount of farmyard manure or similar substances 

on the farm. We can proceed in two ways ; first, wastage can 
be cut down. We estimate that the farmers of the Lnited 
Kingdom make about forty million tons of farmyard manure a 
year, and waste about ten million tons. We have shown that 
the best results are obtained when manure is made under cover 
and the amount of litter properly adjusted to the amount of 
nitrogen in the animal excretions, Correct adjustment is a 
counsel of perfection, but a great improvement is possible 
over the present haphazard methods. In practice nitrogen is 
always lost through exposure to weather, greatly to the detrimen 
of the manure. The provision of some shelter for the heap b 
not difficult, and, as Prof. Berry has shown at Glasgow, it is 

increase greatly the amount ol^ 

manure or similar substances produced on the farm. This cou 
done by running on more animals. The number o ives P 
acre could be much increased by the general adoption of the methods 
of some of the Scottish and Danish farmers, who keep their animals 

largely on the produce of their arable land. The problem is closely 

bound up wi4 financial considerations, but the experiments of 
Mr J C. Brown at the Harper Adams Agricultural College show 
that more profit is obtainable from the soiling system than from 

the older methods of the south. 




At K,ot}iamsted we are exaraiiziug possible suhstitutes for 
famivard manure, greeu-maniiriug; and the activated siiidgc method 
of producing manure from sewage, hotli of which se.oin quite 
promising. We tried using straw as manure, hul without, success ; 
so .soon; however, as the straw was rotted, luucli more ]}T'omising 
results were obtained. The conditions for the proper rotting 
of straw, investigated .at Ilotliamstcd by !)r, If. 15. Ilhtchiusou .and 
Mr, E, H, Richards, were found to be proper air and moisture siip|)!y, 
suitable temperature, freedom from acidity and the proper 
proportion of soluble nitrogen com]>ounds. All these conditions 
are easily obtainable on the farm, and it. is now possible to make an 
artificial farmyard manure from straw witliout the iuterveutiou of 
animals. So far the results seem quite satisfaetovy. Arrangements 
are being made for demonstrations on an extensive s(;ale during 
the present season. 

All the,se problems I have been discussiirg represent work 
of interest to tlie present generation of farmers; but the scdentific 
investigator cannot be re, striated to ])iob]em,s of present day 
interest. Some of the l)est work of to-day may never readi 
the farmer in our time, and, indeed, unless it is developed, it 
will never reach the farm at all. We now know that tlie 
farmyard manure and the green mauin’o put into the soil are 
not really agents of fertility, but only raw materials out of 
which fertility is manufactured. The w<)rk is done by myriads 
of living creature.s in the soil, wliicli are too .small to bo seen by 
the naked eye, and only incompletely revealed even by ])()wer{ul 
microscopes. Some of them arc useful to the farmer and 
some not, many of them taking their toll of tlio valuable plant 
food in the soil. Their activity fluctuates daily, almost hourly, 
and their numbers are counted, and their work is watched in 
our laboratories. Much of their activity is helpful to the farmer ; 
it makes nitrates, indispensable for the growth of plants. Much 
of their time,' however, is spent in tmdoing the good work they 
have dene, and results in the destruction of a largo proportion of 
the nitrates made. We are studying this poprdation, and with 
fuller knowledge we hope to control it and make it serve the farmer 


SCIENCE AND CBOP PBODXJCTION 

just as lorses. steep, and cattle do ; but we are a long way from 

*''^*:KMlly an attack is being made on a much more Moult 
nroblem. Tie growtb of a crop is like the movement of a motor car ; 
ft caret go on without a continuous supply of en„gy. In h 
ff rte oar the energy comes from the petrol ; intieoase of the 

f“ * t ■- “3 

improved, thus increasing their etomy 

but we are still a very lor^ W ^ developments 

which the motor enpneer has at^«^_ ^ 

of our present J “ „ are necessary 

have . yet eLrmous gap that now emsta 

Wore « ^ ia theoretically possible. There 

“ le r fet si. ways in which we might improve crop 

production improvements by tbe use of new 

( 1 ) We can J ^,etter ^growth than those ordinarily 

varieties capable o ® ^ are attacking this 

cultivated. Plant breed 

problem with much success, and many of tne n 

considerable promise. contxol of plant diseases, 

( 2 ) Much can be done ius lost each 

Unfortunately we have no means o^ ^^doubtedly considerable. 

year by pests or disease, Du^ set up at 

Laboratories for studying plant pa* 1 gy 

Eothamsted and elsewhere, and obtained, 

results ; much valuable ^ l^ie^e great things 

(3) We are also looking to^the ^"^vlpment of cultivation 

onthefarm. It wiU allow considerable d^elopmen^^ 

• implements, enable us to ^ southern part of England, 

weeds, a very serious 

Good Scottish farmers in that the rigorous 

Scotland is much easier than .in_ .Engia , ^ 
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northoru wiaters keep weeds in olieck, wliile the mild southern 
winters encourage their growth. 

(4) It is possible that certain substances, such as l>oT'ic acid, 
the fiourides, etc., studied by Gautier and C-laussniann in France, 
may help in raising crop growth. 

(5) It is possible also that sxrooial methods may pro^•e of value, 
such as the high tension discharge tesied by .Miss Dudgeon 
at Lineluden, Dumfries, and ably and critically studied liy 
Prof. V. H. Blackman. 

(6) Finally, it seems probable that some wholly new’ method 
may be found for increasing crop grow’th. Tu most civilized 
countries there are now' research institutes where the w'ays of ])lant 
and the properties of soils are being studied. Mon of science, as a 
rule, do not care to risk prophecies or to attempt to create sensations, 
and I certainly am not going to break this wholesome rule. 
Something, however, has already lieen done ; in spite of the 
decreased labour spent on cultivation, the yields tend to go up, 
while tlie new knowledge that is now being gained is adding greatly 
to the pleasure of farming and giving both masters and men an 
interest in their work that they never had before. 
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R. C. PUNNETT, F.R.S., 

Projessor oj Genetics, University oj Camhndge. 


(and»ni™t.l imp.lM.oe t« Pt bn.*. 

the operatioue from an emprr^l to a P 

certainty where before was only oonjeot Jarm 

animal-bieedmg the first things to do 

at Cambridge m 1910, it was te mendinginberitance, and 

was to choose one ort^^^^^ 

to study them critically in or rrij^e choice of material 

interpreted on the „£ economy. This, however, 

can be bred in reasonably large 


waslimitedtosmallanimas,torre»o«obew^ 

wasnodrawbach,forsmall — 

numbers ; and we cm ta y^i^ Our.work 

them IB “PP'“f'® ^.“,,tip„altry and rabbits, 
has, therefore, been entire y ^ . x experiments undertaken 
one of the most — inheritance of 
with poultry was designed ^ 


* Bepmted from J<ys.T. Min. Agn., XXVIII. no. 3. 
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wciglit. For this purpose two Btaudanl breeds were <‘hoReiij 
differing markedly in size, but not so nimdi so as to ])revent 
natural crossing. For tlic larger breed, we. seleett'.d. the Gold 
Pencilled Hamburgh, and for the smuller one the Silver Sebright 
Bantam (Plate VIII, fig. 1). As will appear later, the reason 
for choosing these particular breeds was to iiiukt* use. of the 
same material for the cducidation of iiii»re than one, proltlem. 
From the point of view of size the two breeds differed 
sufficiently, for the average weights of (■(teks and hens resjjoctively 
were for the Hamburgh about i,40(i and iJOd grammes, 
while for the Soltright they were a].»out SoO and UoU grammes. 
Eoughly the Sebriglits were about 3/5t}is <tf the weight of the 
Hamburghs. 

The first cross birds were intermediate in size, though 
approximating to the larger breed, t1u^ <‘o<*kercls averaging about 
1,200 grammes and the pullets about OilO grammes. From several 
peps of such Fi birds, an Fa generation 23t) birds was rai.sed, ’olz., 
113 cockerels and 126 pullets. In contrast to the uniformity of the 
Fi generation these Fa birds exliiliited a wide range of variation. 
As shown graphically in Fig. 1, 'the weights of the cockerels varied 
from about 350 to 1,600 grammes, wliile those of tlie pullets were 
from 600 to 1,200. The majority of the birds in this generation 
were between the weights of the original parental breeds, l)ut a few 
were larger than the Hamburgh, and a few were smaller than the 
Sebright (Plate VIII, figs. 2 and 3). Here we have an apparent case 
of blended inheritance, with fair uniformity in Fj, and a wide range 
of variation in F,. Can such a case be interpreted in terms of 
the factorial theory ? An interpretation is possible if we suppose 
that the Hamburgh and the Sebright differ in several factors, 
each of which affects the weight of the bird. The explanation 
of such cases was first given by Nilsson-Ehle, the well-known 
Swedish plant breeder, to account for the results of certain of 
his experiments with wheat and oats at Svalof. The closeness 
with which the theory fitted his results left little doubt of 
its being a true interpretation. The essential part of his idea 
is that a similar effect may be brought about by more than 
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one factor, thougli sucli factors are independently transmitted in 
tlie usual way. 

Let us suppose that there are several similar factors A.B C D 
etc., which influence the weight of poultry. When a bird possesses 
none of these factors it will be the smallest tvpe of bantam • 
when It contains Ait will be rather larger; ihen it contains 
both A and B it will be larger again, and so on until the largest 
breed is reached, which must be supposed to contain a full 
collection of these factors. Again, let us suppose that when a 
bird IS pure for one of these factors, i.e., when it has received it 
from both parents, the effect on its weight is greater than when 
It has received it from .one parent only. In other words, we 
suppose that dominance is not complete and that the Aa bird, 
for example, is not so heavy as the AA bird of otherwise 

similar constitution. And so also for the other weight factors 
B, C, D, etc. 

- Now if we suppose that the Hamburgh contained three such 
factors, H, H.and C, while the Sebright contained a different one, viz., 

D, we obtain a theoretical explanation which covers the observed 
facts — 

(1) The uniformity of the parental breeds for a markedly 

different average weight. 

(2) The uniformity of the birds in weight. 

(3) The approximation of the F, birds to the weight of the 

larger parent. 

(4) The great variation in weight shown by the F^ 

generation. 

(5) The production in F, of birds larger than the Hamburgh, 

and of others smaller than the Sebright. 

For if the Hamburgh were AABBGCdd, and the Sebright 
aabhccDD the F^ birds must all be AaBbCcDd. They will be 
uniform, and at the same time, since they contain a dose each of 4 
factors, they will not on our hypothesis be much lighter than birds 
which, like the Hamburgh, contain a double dose of 3 factors. 
When, however, such birds are bred together they should give an 
F, generation showing great variation, for such F^ birds should 
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produce germ cells of 16 different kinds witk respect to the four 
size factors involved, viz ., — 


ABGD 

AbGD 

aBCD 

obGD 

ABGd 

AbGd 

uBGd 

obGd 

ABcD 

AbcD 

aBcD 

aboD 

ABcd 

Abed 

aBcd 

abed 


From tke meeting of two suck series of germ cells it is clear 
tkat all sorts of sizes will result ; but tke' reader wko wiskes to 
follow out tkese possibilities in detail must be referred to tke 
original paperd It skould, kowever, be noticed tkat suck a 
combination as AABBCGDD will occur, in wkich a bird is pure 
for all 4 factors. Birds of tkis combination, as well as others 
suck as AABBGGDd or AABBCcDD, should be heavier than the 
Hamburgh. Again, we may have tke combination aabhccdd in 
which none of tke 4 factors are found. Suck birds must be smaller 
than tke Sebright. 

The theory is in accordance with tke series of facts to be 
explained tkat was set out before. It can, kowever, be subjected to 
further test. Tke very large ¥. birds, and tke very small ones 
should, on tke theory, breed true to size. Lack of opportunity 
prevented tke testing of tke biggest ones, but a pair of tke smallest 
birds (Plate VIII, figs. 2 and 3) was mated together, and found to 
breed true to tke unusually small size. Lastly, among the birds of 
intermediate size there skould be some which are pure for 2 factors, 
e.g., AABBccdd, which skould breed true to a size intermediate 
between tkat of tke Hamburgh and tke Sebright. Recent tests 

have revealed tke existence of suck birds. 

Tkis series, of experiments suggests that even so complicated a 
character as tkat of weight, where inheritance is seemingly of a 
blended nature, can nevertheless be interpreted in terms of definite 
factors, each producing a definite efiect. It is not of course suggested 
tkat weight is dependent solely upon suck factors. Absolute 
uniformity, even where animals are of tke same genetical 


» “ On Inheritance of Weight in Poultry,” by R. C. Punnett and P. G. Bailey. Journal of 
Genetics, IV, 1914. 
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cannot be expected. For ao two animals can be 
toeated ezaoMy alike mth respect to food and other conditions 
Moreover, it is conceivable that other factors, influencing vigou^ 
as distinct from weight, may come into operation, and proto 
some effect upon weiglit itself. 

The results are not without interest in connection with the 
probkms of in-bieeding and the effects of a cross. Close in-breeding 
B held by some to lead to deterioration in the matter of size, and 
there is certainly some foundation for this belief. Yet it is by no 

duT to r A* if ' “T deterioration is not 

L sTze f' e ^ material was impure in some of 

etonated by unconscious selection. Again, toe is much 
mdence to suggest the view that first-cross animals freqnenhly 
make imusuaUy good growth, and exceed both parental steaj 

res lt**^*f referred to the increased vigour 

sultmg from a cross. This, of course, is no explanation, so W 

!L?t °T '*’*? this increased vigour is brought 

about. It my be that there are definite factom working L 

7Z7d tT* te “ot been experimeLlly 

Le us to recognize that increased 

differmt ” may be due to a cumulative effect of 

different size factors brought in by the two parental breeds. 

of iut AABBccdd and mAhCODD would each be 

than respect to the Sebright 

he ie ®““burgh. Fimt-cross birds between these two would 

be m constitution rfuBSacW, i.c., of the same constitution as the F. 

inte^^“?^f *^”*^*“; ‘ban either of the 

ntermediate parental strains, but this increase would not be due to 

SoTsrRTn*?wT’'’“**“ ‘be eumulative efiect of the 4 

narent *biei two were brought into the cross by each 

nmn *'■ ™*bt be expected to give a small 

p por ion of yogeny larger than themselves, and breeding true 

tothisyreaseinsize. Where a notable increase in size follows on a 
cross, 1^ Buggeste that the breeds used contained diflerent size 

ors , an 1 t B were so, it would be possible to establish a strain 
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of moreased size by working on the lines indicated by the factorial 
theory. 

Suggestive 
we are 

experiments of 

A cross was made between the Polish, which is the smallest of the 
breeds of domesticated rabbits, and the Flemish, which is one of 
the largest. The Polish was used as the father of the Fj animals, 
TtraTo infArT-npriiatfi. auf] fairlv Uniform in size (Fis. 2). From 


as the poultry experiments are, we recognize that 
only at the beginning of this kind of enquiry. Some 
a similar nature with rabbits gave a different result.^ 


Fig, 2. Illustrating the inheritance of weight in a Polish x Flemish cross. Each 
individual is represented by a dot on the chart according to its weight in lb, and oz. 
Thus, the Fi animal P 116 weighs 4 lb. 13 oz., and P 117 weighs 5 lb. 2 oz. 


two pairs of such Fj animals an Fj generation was raised. Owing 
to lack of accommodation the total number of offspring reared was 
only 37. Nevertheless this F, generation shows a remarkable 
feature in that the size of the Fi animals was not exceeded, although 
some were nearly as small as the Polish parent. The absence from 
the F, generation of anything approaching the size of the Flemish is 
highly puzzling, and no explanation can at present be offered. The 
experiment is being repeated with the difference that the Fj animals 
have been bred from Polish doe x Flemish buck, instead of in the 
reverse way as before. 


^ “ Genetic Studies in Babbits, 1. On the Inheritance of Weight,” by B. 0. Punnett 
and the late P. G, Bailey. Joxirnal of Genetics, YUl, 1918-19, 
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When planning investigations on these cases of apparently 

continuous variations it was felt desirable to choose another example 
of a different type. Accordingly a “ pattern ” case was selected in 
rabbits. Here, as in many, of the domesticated animals, we 
encounter white markings, and the extent of these is very variable. 
We can in fact obtain a continuous series in the rabbit, ranging 
between the self-coloured animal with a touch of white on the nose 
or on a paw, and an animal completely white except for a touch of 
pigment round the eye and at the root of the tail (Plate IX, fig. 3). 
Such a continuous series can in fact be bred in the F.2 generation 
from a cross between a self-coloured animal and one of these almost 
white ones. The problem here again was to determine whether 
such an apparently continuous series could be expressed in terms 
of a few definite factors, or whether some other explanation had to 
be sought. 

The case was of more than usual interest because Professor 
Castle, working at a similar case in rats, had put forward the view 
that the factor itself could be changed by “ selection.” Were this 
'''■iew upheld by experimental research it is evident that we should 
have to give up the conception of the relative permanence of the 
factor which forms the basis of the factorial theory, and with it 
that hope of control over breeding operations which the definite 
and permanent factor signifies. The results of our experiments 
with rabbits did not bear out Professor Castle’s view. We found 
that a comparatively simple interpretation on factorial lines would 
cover the facts.^ Moreover, Professor Castle himself has recently 
given up his earlier view, and considers that an orthodox explanation, 
in terms of the factorial theory, is adequate. We have mentioned 
the case here because the idea that the factor can be influenced by 
“ selection ” is to be found in text-books that are widely read. It 
may serve to prevent misunderstanding if it is realized that the 
view is no longer supported by its originator. 

As we have already stated, a cross between a self-coloured 
animal and a “ White Hutch ” gives F, animals with a small but 


■“‘The Genetics of the Dutch Eabbit— a Critioism,” by E. 0. Punnett. Journal of 
, . Gfemtice, IX, 1920. 
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varying amount of white, and in a full range from Self to White 
Dutch. lu such a series, however, the gradual increase of the White 
occurs in a more or less orderly fashion. It begins with the tip of 
the nose or muzzle, the tips of the fore-paws, and the blaze , it 
then invades the neck, shoulders and fore-limbs ; at a more advanced 
stage we reach the typical pattern of the Dutch rabbit^ (Plate IX, 
fig. 1) ; later on the pigmented area round the eyes is reduced 
and the coloured area of the body becomes patched with white 
giving rise to the “ spotted Dutch ” (Plate IX, fig. 2)_; further 
reduction of the pigment eventually results in the White Dutch 
(Plate IX, fig. 3). 

A long series of experiments lias shown us ttat 3 pattern types 
corresponding to Dutch, Spotted Dutch,, and White Dutch can be 
got to breed approximately true. The more pigmented tends to be 
dominant to the less pigmented, but as a rule domman^ is far from 
complete, so that various intermediate forms arise. Two pairs o 
factors T-t and S-s serve to interpret the range of forms between 
Dutch and White Dutch, Dutch being TTSS, Spotted Dutch ttSS, 

and White Dutch ttss. _ 

The relation of all these to the more heavily pigmented grades 
k determined by another factor P ; ita pretence represe^smneh 
increased pigmentation. A smgle dose of P added to White Duto- 
transforms the animal into one with a pattern resembling the 
Dutch* ; added to Spotted Dutch, it leads to a grade of 

pigmentation between Dutch and self-cobur ; added ^^u^, 

«Lts in an animal that is almost or quite self-coloured^ Where 
the animal is PP the White area is further diminished bi^t 
the difierence between PP and Py animals has not yet been fully 

The outstanding fact in connection with these patterns is that 
analysis of this continuous series, from self to almost white, has 
provided an interpretation in terms of the factorial theory ; and 
that, too, in terms of but 3 factors. 


• The ppm animal may be indiatinguisbable from the PpTTSS animal in appearance 
but the two breed very difierently. 



THE POSSIBILITIES OF RABl CROPS IN ORISSA. 



One of the problems of agriculture in Orissa is no doubt the 
cultivation of the flooded tracts. This problem has of late years 
assumed serious proportions on account of frequent failure of the 
paddy crop over vast areas caused by high and destructive floods. 
It w^s, therefore, decided to consider if a change of crops could not 
be recommended for these areas. With this view the Agricultural 
Department last year undertook some experiments both at the 
Cuttack farm and at two other typical flooded areas to test the 
suitability of raU (winter) crops to the climatic condition of Orissa 
in general and to the soil condition of the flooded tracts in 
particular. 

Of the two flooded areas where experiments were conducted, one 
was situated at Singapur near Jenapur where one acre and a 
half of land were acquired from the Eaja of Madhupur for this 
purpose on the 29th of September, 1920. This land was previously 
sown with paddy which was completely destroyed by the high flood 
of the Brahmani which occurred in the third week of July and 
continued till the second week of August. As a result of the flood 
there was a rich deposit of coarse silt. In October the land was 
ploughed and cross-ploughed several times to bring it under fine 
tilth, and on the 1st of November the seeds were sown. All the 
crops were ready for the sickle within the month of March. The 
following table shows the crops sown, their area and yield and 
their yield per acre. 

( 92 ) ■ 


NOTES 


93 


Serial 

No. 


Name of crop 


Wheat (local) 
Wheat (Pusa 4) 
Barley (local) 
Barley (Bihar) 
Oats (Bihar) 

Gram (Bihar) 
Patna Pea (Bihar) 
Lentil (Bihar) 
Mustard (local) 


Area sown 

Yield obtained 

Acre 

Md. 

Sr. 

Ch. 

0*1 

1 

22 

0 

0-1 

1 

32 

12 

0*16 

3 

0 

0 

0*1 

1 

30 

0 

0*1 

2 

15 

0 

0*1 

1 

23 

6 

0*1 

2 

0 

0 

0*1 

0*12 

1 

7 

8 

0 

37 

0 


Yield per acre 


Md. 

15 

18 

18 

17 

23 

15 

20 

11 

7 


Sr. 

20 

7 

30 

20 

30 

33 

0 

35 

28 


Oh. 

0 

8 

0 

0 

0 

12 

0 

0 

0 


From the above table it will be seen that the yield of the crops 
grown at Singapur can compare very favourably with the average 
yield of these crops in other parts of the province wheye they are 
normally cultivated. It should be mentioned that only des^ 
and local bullocks were employed in preparing the land, that no 
manure or irrigation was given to the crops, and no wee mg was 
necessary. The cost of cultivation, including harvesting and 

threshing, came to about Rs. 15 per acre. , 

-It the Cuttack farm, in comparatively poor soil, Pusa wheat 
No. 4 gave an outturn of 10 maunds 30 seers per acre with two 
irrigations from the canal, and gram gave an outturn of 11 maunds 
35 seers per acre without any irrigation or manuring. ^ 

From the above it will be seen that neither the climatic condition 
of Orissa nor the soil condition of the flooded tracts is unsuitable 
for the cultivation of mU crops, and that when the paddy has failed 
the cultivation of these crops may be recommended without much 
hesitation. Of course, the soil condition of the flooded tracts is 
not the same everywhere. It can be divided in a general way into 
three classes, namely, (1) sandy, (2) loamy and (3) clayey with 
intermediate stages. The yield of the crop depends to a very great 
extent on the quality of the soil, loams being better than clays, while 
sandy soil is generally unsuitable. But the most important condi- 
tion for the success of rabi crops is the conservation of moisture. 
Timely and thorough preparation of the land is essential and too 
much stress cannot be given to this point. At Singapur, in the 
immediate neighbourhood of our land, the cultivators had also 
grow^ local wheat. But they prepare their land indifferently, 
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giving it only two or three superficial ploughings, with the result 
that whereas we obtained a yield of 15| maunds per acre with well- 
developed, plump grain, they barely obtained a yield of 8-10 maunds 
per acre of immature, shrivelled grains, though we used the same 
seeds as they did. This difierence is undoubtedly due to their bad 
preparation of the land and its consequent loss of moisture. 
Although they might have made a saving of Es. 4 or Es, 5 in the 
cost of cultivation, they lost a great deal of the profit. 

Apart from the usual risks in the cultivation of rdbi crops such 
as are due to changes of weather, the short and mild winters of 
Orissa, which though do not actually militate against the adoption 
of rabi cultivation, are factors which are likely to interfere with its 
success to some extent. Hence sowing should not be done until the 
first week of November and as far as possible early varieties of crops, 
such as Pusa wheat No. 4, should be selected instead of those which 
take longer period to mature their seeds. Also arrangements will 
have to be made to prevent cattle trespass which seems to be a 
matter of some difficulty. [ S. K. Basu.] 

SHAH JAHANPUR SUGARCANE NO. 10. 

It will interest many readers of “ The Agricultural Journal of 
India,” especially sugarcane growers in the Punjab and Western 
U. P., to know that a variety of sugarcane, called Shahjahanpur 
No. 10, sent to Australia from the Shahjahanpur Sugar Experiment 
Station of the United Provinces, has been found to resist severe 
frosts remarkably well. Mr. Easterby, Superintendent of the 
Queensland Bureau of Sugar Experiment Stations, reports that its 
sugar content and keeping qualities being good it was distributed 
to a considerable extent in Southern Queensland. According to 
this officer’s memorandum published in “ The Australian Sugar 
Journal,” dated the 13th September, 1921, on a recent visit to 
Bundaberg, his attention was directed to a very fine block of this 
variety, about 12 acres in extent, which had been grown at Spring 
Hill by the Eairymead Sugar Company under the charge of 
Mr. Axam. This cane was then only nine months old, but presented 
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a splendid vigorous growth. Mr, Axam declared that in his 
erperience with the cane it had never been afieeted by frost and 
this was borne out by Mr. Pringle, Chemist in charge of t e 
Bundaberg Sugar Experiment Station. If this cane maintains its 
reputation, it should be extremely valuable to cane growers who 
sufier from frost. The last analysis of the cane, made at the 
Bundaberg Station last year, gave the following resu s . rix, 
21-7 ; Purity of juice, 91-0 ; percentage of fibre m cane, 13 6 , 
commercial cane sugar, 16'05. [Wynne Sayer.] 




MANDFACTURE OF SDOAE DIRECT FROM CANE IN INDIA. 

In view of the fact that returns supplied by Indian sugar 

factories are far from complete, the figures for the working season 

of 1919-20 published in “The Agricultural Journal of India. 
September 1921, have been carefuly checked with the returns or 
the season 1920-21 with the result that certain discrepancies have 
been cleared up. The revised figures of the production of sugar 
amount of cane crushed and the quantity of molasses turned out 
during the working seasons of 1919-20 and 1920-21 are given in the 
subioLd table. It is proposed, as the figures in returns become 
more complete, to revise the totals from time to time as it is found 


necessary. 

Table showing Mai ffoduction of sugar ^2/ 

Nnmmher to Anril, 1919-20 and 1920-21. 



Caub obushed 

STTGAB made 

Molasses obtained 


1919-20 

1920-21 

1919-20 

1920-21 

1919-20 

1920-21 

Bihar and Orissa 

United Provinces of 
Agra and Ondh 

Other Provinces of 
India 

Mds. 

6,439,618 

2,140,797 

1,617,611 

Mds. 

6,577,083 

2,847,871 

606,461 

Mds. 

375,746 

140,241 

112,933 

Mds. 

465,100 ' 
156,777 

47,414 

Mds. 

186,251 

114,604 

70,198 

Mds. 

261,620 

119,231 

23,861 

Total for India 

9,198,026 

9,731,416 

1 628,920 

669,291 

370,963 

404,712 


[Wynne Sayee.] 
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COMBINED MOTOR THRESHER. 

We are indebted to Lieutenant J. L. Plowerdew, Officer in 
charge of the Military Farm, Okara, Montgomery District, Punjab, 
for an interesting description of work of a Combined Motor 
Thresher — ^a 24" Bon Accord Thresher coupled with a 5 h.p. 
Fetter Oil Engine— on a crop of wheat on that farm. The first 
trial, owing to the fact that the crop was harvested in accordance 
with the practice prevalent in that part of the country, that is, 
in bundles too heavy to be easily passed on to the thresher, was 
unsuccessful, the outturn being only about 40 maunds of grain a 
day. In the second trial, the bundles were broken up into small 
size sheaves, 7 lb. to 8 lb. each, which could be conveniently passed 
with hand forks on to the thresher, and the outturn was at the 
rate of 160 maunds of clean grain per day, equivalent to ten days’ 
work by the country method. There was, however, no appreciable 
difierence in the cost of the two methods. 

-The results are not very convincing, and a fuller trial of the 
thresher is therefore necessary to arrive at definite conclusions as 
to its suitability for adoption by zemindars of the Montgomery 
District. Lieutenant Elowerdew is of opinion that to suit the 
local requirements, the theresher should contain a bruiser for 
reducing straw to Ihoosa, m.dL that it should be constructed of 
structural steel instead of wood, as the latter will not stand the 
Indian heat without warping. 

■ * - 

* 

TANKS VERSUS WELLS. 

We have received from Mr. S. K. Gurtu, Member for Irrigation, 
Board of Eevenue, Gwalior, the following contribution to the 
long standing controversy whether tanks are more suitable than 
wells in Central India for the development of cultivation : — • 

“ Some people have an idea that in the long run it is cheaper to 
construct and work wells in Central India than storage reservoirs. 
This opinion is formed without collating facts and figures. 

The cost of storage in Central India, on an average, is from 
Es, 1,000 to Es, 1,500 per million cubic feet. One million cubic 
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feet irrigate from 10 to 20 acres. We may take 16 ^^a^^ 

average Tkus tke capital cost of irrigating an acre isEs. l»500/lo 
Es 100 Tkecost of constructing a well is a muck more variable 
factor It varies from Es. 2,000-Es:-. 10,000 according to tke deptk ot 

tkesub-soilwaterlevelandtkenatureoftkesubstrata. In nortkern 

Gwalior tke substratum is alluvial and tke cost of digging is no vei> 
great, but owing to tke deptk of tke wells, wkick vanes from 40 to 
80 feet, tke cost of steining is ratker kigk. In otker portions of 
Gwalior like Skeopur and Isagark and Malwa, steining is genera y 
not required owing to tke presence of rock of varying “ 

tke substrata, but tke item of rock blasting is a 
Tkus eitker way a deep well is an expensive afiair I kave k d 
construct numerous wells in difierent localities m Central India and 
ulwllt the over-aE coat varies from Ee. 2,000 to Ee. 10.000. 
Besides, wken tke deptk of tke water is more tkan 60 feet below tke 
surface, tke cost of lifting it by bullock power is prokibitive and 
irrigation becomes impracticable. Leaving out for tke present^tkis 
aspect of tke question, and confining ourselves to tke item of capital 
co!t alone, we may assume tkat an ordinary ^ 

about Es. 3,000 on an average. The potential duty of a well varies 
from 2 to 3 acres. Assuming it to be 3 acres (tke maximum) per well 
and taking tke minimum of expenditure, tke capital cost of irrigatmg 
per acre is Es. 3,000/3 = Es. 1,000 against Es. 100 by flow 

“ Apart from tke question of capital expenditure, tke workmg 
cost makes all tke difierence to tke irrigator. In irrigating from a 
tank by flow, tke charge for irrigation per acre to tke cultivator is 
Es. 3, whereas to irrigate 3 acres from a well the cultivator has to 

undergo tke following expenses 


^ Charsa ’ (leather) which lasts a season 
Feed of oxen for 4 months 
Bullock driver „ ,, »> ’* 

■Ropes and sundries 


12 

48 

24 

6 

90 


This gives- en average figure o£ Es, 90/3 = Es. SOpei acre as cost 
of watering^fcom a weU against Es. 8 per acre from tanks. This 
wEl show that, from considerations froth of capital cost and recrming 
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expenditure, irrigation by flow is ten times cheaper than by lift 
from wells. 

“The above assumes that every well sunk to a depth of 60 feet, 
on an average, will yield sufficient water. The writer’s past 20 
years’ experience goes to show that, with the exception of wells 
constructed in riparian tracts, they do not yield sufficient replenish- 
ment, unless they are situated under tanirs which, even if they do 
not fill up to brim in years of drought, keep up active percolation in 
the wells through sub-soil infiltration, for even when the bed of a 
tank is dry its substrata, from 6" to 12" below the bed, remain fully 
charged with water, and this accounts for wells below tanks not 
failing even in years of drought. It may be urged that as wells are 
more unfailing in their supplies in years of drought than tanks they 
should be preferred on the score of protection. This does not 
necessarily follow, because scarcely 1 per cent, of wells last out a 
summer and they almost all fail in years of drought, unless situated 
bekw tanks or near flowing drainage courses. Wells with adequate 
replenishment, such as will not fail even in years of drought, are few 
and far between. 

“There is yet another factor in favour of tanks. Irrigation 
from tanks sets free thousands of labourers and draft cattle employed 
on water lifting from wells which can be more suitably employed 
elsewhere and leads to increase in general prosperity. 

“Though tanks are cheaper and more efficient than wells, the 
former cannot wholly be substituted for the latter. The construc- 
tion of embankments and boring of wells should go together and 
would be of material advantage to each other. Whenever good 
sites are available, we should, in the first instance, construct a tank 
or tanks commensurate with the requirements of the tract, followed 
on with wells dotted over the commanded area. In this way the 
cultivators will derive benefit from the combination of both, in 
normal and dry years. 

“There are localities, notably in hilly tracts and very flat plains, 
where sites for tanks and reservoirs are not available. For such 
localities wells are clearly indicated, both for extension of cultivation 
and partial protection from famine — partial because the scope of 
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wells is ratlier limited. It will be seen tliat it is not correct to try to 
institute comparison between the advisability of construction of 
tanks or wells. One thing may be more valuable and useful than 
the other and yet both may be necessary. Construct tanks and 
construct wells, and yet more wells if you like, but exercise proper 
discrimination. 

The decision whether a particular tract should be protected by 
tanks or wells, or both, is one to be considered on its merits, into 
which configuration of land, nature of rainfall, surface slopes, class 
of soil and so many other factors enter. It is not a matter about 
which any one can light-heartedly dogmatise.” 

* 

, * 

ROYAL CHARTER GRANTED TO EMPIRE COTTON 
GROWING CORPORATION. 

It is announced that the King in Council has approved the 
grant of a Charter to the Empire Cotton Growing Corporation. 
The Corporation is the permanent body which is being set up to 
carry into efiect the recommendations made by the Empire Cotton 
Growing Committee, This Committee was appointed by the 
Board of Trade in 1917 to enquire into the possibilities of cotton 
production within the British Empire, in the hope that by fostering 
the growth of cotton in the Dominions and Colonies the industry 
in this country might be made less dependent upon the United 
States for the greater portion of its supply of raw material. 

The object of the Corporation will be to extend the cotton 
growing areas of the Empire and thus both promote the develop- 
ment of the Dominions and Colonies and also assist in the stabili- 
zation of prices by drawing on a number of new areas far distant 
from each other, in addition to the American cotton belt, thus 
making the supply of raw material Jess dependent on climatic 
conditions in one part of the world. A bad season in one part of 
the Empire will, it is hoped, be counteracted by good crops in other 
British possessions, whilst Lancashire will also be enabled to view 
with less concern America’s ever-increasing consumption of her 
own crop. 
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Under the CJiarter the Corporation will, amongat the other 
functions, have power to carry out the following work 

(1) To assist in the enlargement and strengthening of the 

Agricultural Departments of the Dependencies and 
Colonies, and to provide facilities for training men 
for posts under these departments. 

(2) To establish a Bureau for the dissemination of informa- 

tion on cotton growing, and to issue a Journal 
containing useful information on the subject. 

■ (3) To undertake the marketing of crops where this will 
. prove of assistance to the Local Governments ; this 
work will doubtless be done in conjunction with the 
British Cotton Growing Association. 

As has already been announced, the Corporation will be 
financed by means of the grant of approximately £1,000,000 which 
has been made by the Government, and by a levy imposed by 
spinners on the raw material used in this country. 

The affairs of the Corporation will be in the hands of an Ad- 
ministrative Council, the Presidency of which has been accepted 
by Lord Derby. The following gentlemen also have agreed to 
become the first Vice-Presidents of the Council : — Lord Ashfield, 
Lord Colwjm, Lord Emmott, Lord Lovat, The Et. Hon. Sir 
Frederick Lugard, The Et. Hon. Walter Eunciman, Sir Frank 
Forbes Adam, Sir Henry Birchenough, Sir Edward Tootal 
Broadhurst, Sir Frank Hollins, The Hon. Sidney Peel, M.P., 
Mr. Thomas Shaw, M.P., and Mr. J. Arthur Hutton. {The Board 
of Trade Journal, 20th October, 1921.] 

H: 

' ' ' 

THE YIELD . OF EGYPTIAN COTTON. 

In the current number of the Bulletin of the Imperial Institute 
(XIX, 2), Mr. Gerald C. Dudgeon, C.B.E., lately Consulting 
Agriculturist to the Government of Egypt, discusses the causes which 
have led to the decline in the yield of cotton in Egypt. Whereas 
during the six years ending 1899 each acre under cotton produced on 
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tlie average an annual crop of over 500 lb. of cotton, § 

years ending 1913 tbe average yield had fallen to ]ust over 400 . 

and in 1920 it was as low as 320 lb. per acre, the reduction m twenty 
•1“ tas amounting to 36 per ceut. Sueh a decline, d not oheoW 
Lust in time have a serious effect on the prosperity of Egypt which 
depends so largely on the cotton-growing industry It is pointed 
out that although the chief causes to which the decline is due have 
been recognized, the proportionate share of each in the resu 
often so unduly emphasized as to produce a misleading impress , 
and this is apt to lead to the adoption of incorrect procedure. In the 
article in question, Mr. Dudgeon places in their true perspective the 
different factors involved, such as the degeneration of the productive 
powers of the soil, the ravages of insect pests, and agiarian 
Lsturbance. He considers that great improvement would result 
from the completion of the comprehensive drainage scheme, 
which was inaugurated by the indefatigable energy of the late 
Lord Kitchener but was delayed by the "VVar. 




THE FERTILIZER INDUSTRY AND NAURU PHOSPHATE. 

The manner in which the supplies of phosphate from Nauru 
Island will be divided among fertilizer manufacturers is evoking 
much interest ; the companies that will be most affected are the 
Mount Lvell Co. in Tasmania, and the Australian Eerti izers Co. in 
New South Wales. Discussions are now taking place between tm 
Electrolytic Zinc Co. of Australasia, Ltd., and superphosphate 
manufacturers with a view to utilizing the sulphur produced in the 
roasting of zinc concentrates. At present the zinc company is not 
working at full capacity, and its plant will not be completed for 
some time, but when in full operation sufficient sulphur wi ^ e 
available to provide for two-thirds of the superphosphate require- 
ments of the whole of Australia, thereby rendering unnecessary the 
importation of sulphur from America and Japan. [The Journa. of 
the Society of Chemical Industry, August 31st, 1921 ] - 
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CHANGES IN CYANAMID. 

In the November (1920) issue of “The Journal of Industrial 
and Engineering Chemistry ” there appears a paper by N. E. Harger 
on the changes taking place in cyanamid when mixed with fertilizer 
material. A great deal of research has been done on changes which 
take place when cyanamid alone is added to the soil or is kept in 
storage, but relatively little attention has been paid to changes 
which may occur in the material when this extremely reactive 
substance is mixed with the other fertilizer materials. There has 
been indication in some areas that mixed fertilizer containing 
cyanamid is somewhat toxic to plants but heretofore no experiments 
on the question have been reported. In the experiments under 
discussion the following mixtures were used : (1) acid phosphate and 
cyanamid ; (2) potassium sulphate, acid phosphate, and cyanamid ; 
(3) ammonium sulphate, acid phosphate, and cyanamid ; and (4) 
dried peat, acid phosphate, and cyanamid. The paper discusses the 
chejnical changes involved and gives experimental details together 
with analysis, the author having devised a rapid method which is 
direct, for the determination of dicyanodiamide which has been 
found to be the substance into which cyanamid is changed under the 
conditions obtained. While further investigations are under way, 
the results which so far have been ascertained lead the author to 
reach the following conclusions : — • 

“1. When cyanamid is mixed with fertilizer materials 
containing acid phosphate and 5 to 10 per cent, of 
moisture, the cyanamid content decreases with great 
rapidity. 

“ 2. This change is represented partially by, and in the 
higher concentrations principally by, the formation 
of dicyanodiamide. 

“3. A given quantity of moist acid phosphate is able to 
' transform a limited amount of calcium cyanamide. 

“4. Cyanamid is not affected by dry acid phosphate. 

“ 5 . Moisture alone is able to cause the conversion of 
cyanamide to dicyanodiamide, but the change is much 
. . „ slower than when acid phosphate is present. 


NOTES 


lOS 


" Since it has been repeatedly shown that dicyanodiamide is 
valueless as a fertilizer material, and, moreover, is toxic to many 
plants, the formation of this compound in fertilizer materials seems 
undesirable. On first thought, it would appear that this conversmn 
of cyanamide into dicyanodiamide could be avoided by employing 
dry fertilizer mixtures but this overlooks the fact that when suci 
mixtures are added to the soil, moisture conditions are at once 
provided, and the transformation may possibly then take p ace. 
Preliminary experiments carried out in this laboratory in ica »e 
that, under certain conditions at least, this is the case.^ 

" It should be noted that these unfortunate reactions between 

acid phosphate and cyanamid do not in any sense imply t at 
cyanamid cannot be successfully used when mixe ° 

forms of phosphate. In this connection it should be noted that the 

Fixed Nitrogen Eesearch Laboratory of the Ordnance Department 

has called our attention to the fact that lime nitrogen (cyanami ) 
can be mixed with calcined and basic phosphates without 

the excessive production of dicyanodiamide noted when moist 

acid phosphate is used.” {Scientific An%encan Monthly > 111, no. .J 
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RESEARCH ON NITROGEN FIXATION. 

The sum of $500,000 has been made available for two years for 
the continuation of research work on fixed nitrogen. The Fixec 
Nitrogen Eesearch Laboratory at American University , ’^ashington, 
with a staff of 120, has been transferred from the War Depaitmen 
to the Department of Agriculture. [The Journal oj the Society oj 
C/iemiofli Dwtory, August 31, 1921.] 


PERSONAL N6tES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 

Dr. W. H. Harrison, Imperial Agricultural Clieiuist, has been 
appointed Joint Director of the Agricultural Eesearch Institute, 
Pusa, from the 10th December, 1921. 

Mr. R. C. T. Petty, who has been appointed to the Indian 
Agricultural Service, has been posted as Assistant Agricultural 
Bacteriologist in the Imperial Department of Agriculture from 19th 
November,. 1921. 

.The appointment of Protozoplogist in the Imperial Depart- 
ment of Agriculture, held by Dr. A. P. Jameson, is terminated 
from the 17th October, 1921. 

The office attached to the appointment of Imperial Cotton 
Specialist in the Imperial Department of Agriculture is "closed 
from the 9th August, 1921. 

Dr. J. N. Sen, Supernumerary Agricultural Chemist, Pusa, 
was on privilege leave for three months and ten days from the 14th 
September, 1921. 

Mr. J. T. Edwards, B.So., M.R.C.V.S., took overcharge of 
the office of Director and First Bacteriologist, Imperial Bacterio- 
logical Laboratory, Muktesar, on the 19th November, 1921. 

* * 

Mr.. R. Cecil Wood, M.A., on return from leave, has been 
appointed Principal and Professor of Agriculture, Agricultural 
College, Coimbatore, and Superintendent, Central Farm, Coimbatore. 
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Mr. D. Afanba Rao, B.Sc., has been appointed Assistant to 
the Principal and Professor of Agriculture, Agricultural College, 
and Superintendent, Central Parm, Coimbatore. 

❖ 

Dr. Roland V. Norris, on return from leave, bas been 
appointed Government Agricultural Chemist, Madras. 

:i! 

On relief by Dr. Norris, Rao Saheb M. R. Ramaswami Sivan 
has been appointed Government Lecturing Chemist, Madras. 

❖ 

Mr. E. Ballard, B.A., Government Entomologist, Madras, 
was on privilege leave for 19 days from the 1st biovember, 1921, 
Mr. T. V. Ramakrishna Ayyar holding charge. 

:ic ^ 

Mr., D. Balakrishna Murti Garu, Mr. S. Sundararanaan, 
M.A., E.L.S., and Mr. G. N. Rangaswami A}yangar, B.A., of the 
Madras Agricultural Service, have been promoted to the Indian 
Agricultural Service and appointed Deputy Director of Agriculture, 
Government Mycologist and Millets Specialist, Madras, respec- 
tively. 

Mr. P. C. Chaudhuri has been appointed to the Indian 
Agricultural Service as probationary Deputy Directorpf Sericulture, 

Bengal, from the 17th October, 1921. 

. . . 

Mr. G. G. Howard, M.R.G.V.S., D.V.H., has been appointed 
to the Indian Civil Veterinary Department from the 30th Septem- 
ber, 1921, and posted to Bihar and Orissa. 

• *** 

Mr. C. P. Mayadas, M.A., B.Sc., Ofig. Deputy Director 
of Agriculture, Western Circle, Central Provinces, whose services 
have been placed at the disposal of the Government of the United 
Provinces, has been appointed Professor of Agriculture, Agricultural 
College, Cawnpore. 
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Me. W. H. Cossar has been appointed Second Agricultural 
Engineer to the Government of the United Provinces from the 
1st November, 1921. 

On return from leave, Mr. W. Taylor resumed charge of his 
duties as Professor of Pathology and Bacteriology in the Punjab 
Veterinary College, Lahore, on the 1st October, 1921, relieving 
Captain K. J. S. Dowland, Professor of Parasitology, of the 
additional charge. 

* 

* * 

Captain S. G. M. Hickey, Second Superintendent, Civil 
Veterinary Department, United Provinces, has been granted 
combined leave for nine months from the 1st November, 1921, 
Captain W. H. Priston, Third Superintendent, holding charge. 

* 

* * 

3Ir. S. G. Mutkekar, Assistant Director of Agriculture, 
Western Circle, is appointed , to officiate as Deputy Director of 
Agriculture, Western Circle, Central Provinces. 

* 

Mr. J. N. Chakra vaeti. Deputy Director of Agriculture, 
Assam, has been granted an extension of leave by two months, 
Srijut Laksheswar Barthakur officiating. 

* 


The Ninth Meeting of the Indian Science Congress will be 
held in Madras from 30th January to 3rd February, 1922. His 
Excellency Lord Willingdon, Governor of Madras, has consented 
to be Patron of the meeting, and Mr. C. S. Middlemiss will be 
President. The following Sectional Presidents have been appointed : 
Agriculture, Eai Bahadm Ganga Earn ; Physics and Mathematics, 
Mr. T. P. Bhaskara Shastri ; Chemistry, Dr. N. E. Dhar ; Zoology, 
Mr. S. W. Kemp ; Botany, Dr. W. Dudgeon ; Geology, Mr. G. H. 
Tipper ; Medical Eesearch, Major Cunningham ; Anthropology, Eai 
Bahadur Hira Lai. Public Lectures will be deb'vered by Prof. 
Hemchandra Das Gupta, Dr. de Graaf Hunter, and Prof. J. Matthai 
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I Cane Sugar: A Text-book on the Agriculture of the Sugarcane, the 

f Manufacture of Cane Sugar, and the Analysis of Sugar-house 

1 Products.— By Noel Deere. Second (revised and enlarged) 

j edition. Pp. viii + 644 + 29 plates. (London. Norman 

Rodger.) Price, 42s. net. 

We welcome the revised edition just published as this book 
! has for long been recognized as the classic compendium on all 

2 that pertains to sugar from agriculture to manufacture, and this 

f second edition enables its author to add still further from the 

; records of his world-wide experience in all phases of ^ the industry 

% to the immense amount of information contained in its pages. It 

is from books of this type that the general public get their real 
information about the industry, for it is written in a style and 
arranged in a way which enables the general reader when tired of 
chemistry to turn to plant diseases, and from manufacturing to 
^ agriculture, and still continue to absorb information about an 

j industry whose importance is only equalled by the rami&cations 

1 of its component parts. Writing, however, from the point of 

I . view of India, which is, we hope, the promised land of sugar in 

( future, we must confess to a feeling of disappointment that 

1 ■ this new edition has arrived at a time when the author was just 

^ starting yet another phase of his numerous activities, and had 

turned his attention to the Indian sugar problem. Realizing as 
we do the enormous labour entailed in even revising,, let alone 
rewriting, a book of this size, it will, we fear, be many years before 
we can expect to see the Indian section of the book expanded and 
amplified . with the result of the author’s work and enquiries in 
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India, and tad it been possible to delay publication for but a 
year to enable much of tbe part dealing with India to be amplified, 
this would have been to the manifold advantage of the book and 
its legion of readers. With this one regret, and that a selfish one, 
we must congratulate the author on a work which displays a 
unique grasp of all branches of the industry it deals with. [W. S.j 

Jute in Bengal.— By Nibaran Chandra Chaudhury, M.E.A.S. 

New edition, (Calcutta : W. Newman & Co.) 

This book might well be called a ‘‘ handbook ” as it is a com- 
pendium of useful information dealing with jute in all its stages. 
Statistics are tabulated in such a way as to make them readily 
available for reference, and for this purpose alone the book is 
valuable to all connected with the jute trade. 

Part IV deSils with the trade in jute and details the various 
stages through which the fibre passes en route from the producer to 
the consumer. The transition from the purchasers’ marks to the 
pucca balers’ marks might be dealt with at more length but it is 
difficult to describe unless the assorting can actually be seen. 

The treatment of the fibre in the mill is not described, and if the 
author decides at any future date to bring out another edition he 
might consider the advisability of including a chapter dealing with 
the manufacture in the mill. It would add considerably to the 
interest and the value of the book. 

The chapters devoted to the agricultural side of jute production 
are open to criticism. In the first place the author supplies us with 
information collected some 20 years ago and omits to refer to the 
work which has been done more recently. This is particularly 
unfortunate in the case of his chapter on manuring. No mention is 
made of potash, for example, which we now know to be the deter- 
mining factor in the growth of the plant. In describing the fungus 
diseases which attack jute the author confines himself to a brief 
paragraph on Diplodta. No mention is made of Rhizoctonia which 
is a much more serious disease. “ Chlorosis ” in jute also receives 
no mentioti* It is very widespread throughout all the jute-growing 
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districts in Bengal and the total outturn must be very considerably 
aSected by this disease. 

Exception must be taken to the author s figures in his descrip- 
tion of a 300-acre jute farm, and the man who is thereby induced to 
invest in a jute farm with the hopes of making a 40 per cent, profit 

might soon find himself disillusioned. [K. M.] 

:|8 ❖ 

The Nature of Animal Light. — By E. Newton Harvey. Lip* 

pincott’s Monographs on Experimental Biology ; pp. x+182, 

35 figs., 1920. Price I 2' 50 nett. 

Luminescence in animals, especially in insects, and the means 
by which it is brought about, have always excited the admiration 
of the layman and the wonder of the scientist, and it is not surprising 
that an enormous literature dealing with this subject has grown up. 
The present book is only a summary of recent views but will be of 
great value to anyone investigating this subject, for which India 
seems to ofier so fertile a field for research. There is hardly any 
locality in India in which glow-worms are not available in quantity 
throughout the year, and an investigation of their luminescence 
should be not only of scientific interest but perhaps also of com- 
mercial utility, if it could be discovered how to reproduce light in 
this way on a practical scale. In this connection it may be remem- 
bered that the present methods of illumination are relatively 
wasteful, the efficiency of the tungsten incandescent lamp, vacuum 
type, for example, being given as O'OIS, in comparison with the 
efficiency of the light of a fire-fly which is rated at O' 96. The fire-fly 
light, as it is, would be inefficient and trying for artificial illumina- 
tion, as all objects illuminated by it would appear of a nearly uniform 
green hue. The most efficient light for human use, taking into 
account both colour and energy-light relationships, would be a light 
similar to that of the glow-worm containing no radiation beyond 
the visible spectrum, but difiering from it by being white. The 
problem is a fascinating one and may be commended to the notice 
of any who are inclined to work on it in India. [T. B. F.] 


NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 



Applied Eutomology : An Iiitroduotoiy Text-book of Insects 
in their relations to Man, by Prof. H. T. Fernald. Pp. 
xiv+386. (New York and London : McGraw Hill Book 
Co. Inc.) Price, 215. net. 

Organic Analysis, Qualitative and Quantitative, by E. de 
Barry Barnett and P. C. L. Thorne. Pp. xi-i-168. (London : 
University of London Press, Ltd.) Price, 7s. 6d. net. 

The Breeding and Feeding of Farm Stock, by James Wilson. 

Pp. 152. (London : Methuen & Co.) Price, 6s. net. 

Crops and Tillage, by J. C. Newsham. With a Preface by 
Lord Bledisloe. Pp. 198. (London : Methuen & Co.) 
Price, 6s. 

Biological Chemistry, by H. E. Roaf, Pp. 232. (London : 
Methuen & Co.) Price, 16s. 6d. 

Modern Milk Goats, by I. Richards. Pp. 271 . (London : J. B. 
Lippincott Co.) Price, 12s. 6d. 

Common Plants, by M. Skene. Pp. 271+26 plates. (London : 
A. Melrose, Ltd.) Price, 6s. net. 

Insect Transformation, by Prof. G. H. Carpenter. Pp. xi+282 
+4 plates. (London : Methuen & Co.) Price, 12s. 6d. net. 
How to teach Agriculture : A Book of Methods in this sidjject, 
by Ashley V, Storm and Kary C. Davis. Pp. vii-f 434. 
(London : J. B. Lippincott Co.) Price, 12s. 6d. net. 
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Tte following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoirs. 

1. Studies in Gujarat Cottons, Part I, by Maganlal L. Patel, 

B. Ag. (Botanical Series, Vol. XI, No. 4,) Price, Us. 2 or 

2s. 6d. 

2. The Influence of Atmospheric Conditions upon the Germination 

of Indian Barley, by W. Youngman, B. Sc. (Botanical Series, 
Vol. XI, No. 6.) Price, As. 9 or Is. 

3. Variations in some Characteristics of the Fat of Buffalo and 

Cow Milk with changes in Season and Feeding ; The Mutual 
Applicability of the Analytical Figures for Butter Fat 
and Ghee, by F.. J. Flymen, A.C.G.I., and A. B. Padmanabha 
Aiyer, B.A.'r(Chemical Series, Vol. VI, Nos. 4 and 5.) Price, 
As. 12 or Is. Sd. 

Bulletin. 

4. The Bundelkhand Cottons. Experiments in their Improve- 

ment by Pure Line Selection, by B. C. Burt, M.B.E., B.Sc., 
and Nizamuddin Haider. (Bulletin No. 123.) Price, As. 4. 

Reports. 

5. Scientific Reports of the Agricultural Research Institute, Pusa 

(including the Report, of the Imperial Dairy Expert and 
the Secretary, Sugar Bureau), for the year 1920-21. Price, 

R. 1-8. 

6. Annual Report of the Imperial Bacteriological Laboratory, 

Muktesar, for the year ending the 31st March, 1921. Pricey 

As. 7.' 


SALE OF PEDIGREE DAIRY CATTLE. 

Preliminary Notice. 

On tile occasion of tte next meeting of the Board of Agriculture 
in India, an auction sale of the surplus stock of pedigree cattle of 
the Pusa herd will he held at Pusa on or about the 19th February, 
1922. 

Particulars of the cattle available for sale can be had on appli- 
cation to the undersigned. 


Pusa (Bihar). 


0. S. Henderson, 
Imperial Agriculturist. 
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TRACTOR 

MEANS 
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INCREASE YOUR WEALTH 

By Using 

THE AUSTIN TRACTOR 

Winner of the Rs. 1,000 Prize at the Nagpur Tractor Trials. 

TRIALS ARRANGED 

Sole distributing agents for the whole of India 
(except the South): 

A. H. WHEELER & CO. 

BOMBAY, ALLAHABAD, CALCUTTA, 

New Queen’s Road. Elgin Road. 117419, Park St. 
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ADVEETISBMBNT 



No. 2 RICE HULLERS (Without Legs) 


BRITISH RICE HULLERS 


(ENGELBERG-TYPE) 
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Power required 10 


ESTIMATES SUBMITTED for- 

RICE, FLOUR, OIL AND SUGAR MILLS. 

DEEP-WELL PUMPS for AGRICULTURAL SERVICE- 
PRESSES, DISINTEGRATORS AND SOORKEY MILLS. 
ENGINES, BOILERS AND PUMPS FOR ALL DUTIES. 


EASTERN MACHINERY k ENGINEERlNfi Go., Ltd. 

t0-l5, CANNING STREET, CALCUTTA. 

Telegrams: « EMENecOM.” Telephone No. 3880 




We have a large and varied stock 
of ^ Pumps, suitable for use under a 
great variety of conditions, operated by 
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power. 
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TITAN 10-20 KEROSENE TRACTOR 


A TRACTOR MADE SPECIALLY FOR FARM WORK. 

THE ENGINE IS THE LAST WORD IN PERFEC- 
TION AND WORKMANSHIP. 

REMEMBER— THE TITAN 10-20 TRACTOR WAS 
FAVOURED BY THE BRITISH GOVERNMENT 
DURING THE GREAT WAR, WHEN HUNDREDS 
WERE USED IN ENGLAND AND FLANDERS FOR 
FARMING WORK. 
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CDe Haricultural lournal of India 

A Journal of Agricutfare and Allied Subjects for the general 
reader interested in Agriculture and in Indian Agriculture, 
issued once every two months or six times a year. 

TO BE HAD FROM 

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT 
OF INDIA, PUS A, BIHAR, 
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Officials of the Agricultural Departments and ex-Students 
of Agricultural Colleges are allowed to subscribe at a reduced 
rate of Rs. 4 per annum. Applications for the concession should 
be made through the Director of Agriculture of the applicant’s 
province. 

Contributions should be sent to the Editor, the Agricultural 
Adviser to the Government of India, Pusa, Bihar, India. 
Contributors are invited to sign their contributions. All 
communications must be authenticated by the name and address 
of the writer, whether intended for publication or not. Con- 
tributors will be given, free of charge, twenty-five copies of 
their contributions, and will also be supplied free with one year’s 
issue of the Journal if they are not already on the free distribution 
list. 
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Where Others Fear to Tread 
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Throug-h the courtesy of the British Cotton Industry Research 
Association the Indian Central Cotton Committee now receives a 
copy of the Summary of Current Literature issued weekly by the 
Association’s Information Bureau. 

The abstracts are classified under the following heads : — 

(a) Botany, (b) chemistry, (e) colloid chemistry and physics, 
(d) physics, (e) cotton cultivation, (/) preliminary operations, (g) 
spinning, (h) sizing, (i) weaving, (h) bleaching, dyeing and finishing, 
(1) testing, (m) miscellaneous, and (if) additions to library. 

It is proposed to reproduce any abstracts of general interest in 
the Agricidtural Journal of India and. the abstracts are available in 
the library at Bombay for the use of cotton workers. 



SOME COMMON INDIAN BIRDS. 

No. 14. THE INDIAN HOOPOE {UPUPA EPOPS INDIO A). 


T. BAINBRIGGE FLETCHER, R.N., P.L.S., F.E.S., F.ZB , 
Imperial ETiiomologist ; 


C. M. INGLIS, M.B.O.U., F.E.S., F.Z.S. 

' Except in Sind and tlie Western Punjab, tbe Indian Hoopoe 
is one of the most familiar of the birds which live in the Plains of 
India, occurring commonly, and usually abundantly as a resident in 
all suitable localities throughout India, Burma and Ceylon. It 
a bird about the size of a mynah, fawn-coloured, the wings and tail 
white with very broad black bars, the legs short, the bill very long 
and slightly curved, and the back of the head with a conspicuous 
crest, which is normally kept folded so that it looks like a backward 
prolongation of the bill, but which is erected like an expanded fan 
when its owner is excited or disturbed or flies and when it first settles 
after flight. Specimens from South India and Ceylon run smaller 
than those from Northern India and have been separated under the 
name Upupa ceylonensis. Burmese specimens imn larger in size, and 
have sometime been separated as a distinct species, TJ. longifostris, 
a name derived from the greater length of the bill in Burmese 

( 113 ) ^ 
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examples. Beddes the Indian species, the European Hoopoe 
( U. epops epops), distinguished by the presence of white between the 



buff ground-colour and the black tips of the feat^iers of the crest on 
the^head, is found in the Himalayas during the summer and in the 
winter visits the northern half of India, extending as far South as the 
Deccan, Chota Nagpur and Sylhet. Some Indian specimens, 
especially those from the North, very often show a tinge of white on 
the crest, and these are regarded as hybrids between the Indian and 
European species. In North Bihar many specimens intermediate 
between the Indian and European forms are to be seen. In most 
parts of India, however, the buff -coloured bird which is seen 
probing the lawn with its long bill may safely be put down as the 
Indian Hoopoe. A true albino with pink eyes has been recorded. 

The Hoopoe is found chiefly in open country and is essentially 
a ground bird, only occadonally perching on trees. Its flight is slow 
and undulating, like other birds which have developed a special 
type of bill this organ is intimately adapted to its owner’s method of 
obtaining food, which, in the case of the Hoopoe, consists of insects 
and occasional worms, obtained mostly on or from under the ground, 
rarely on trees or in the air. The major portion of its food is obtained 
either by probing grassland for caterpillars living at the roots of the 
grasses, or by turning over leaves and rubbish for insects. It rarely 
picks them off plants or trees and still more rarely catches them on 
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tb.e wing, although winged terrnites are occasionally taken in this 
way. The favourite haunts of this bird are avenues, especially if 
grass is growing in these, grasslands and lawns. It prefers slightly 
damp, but not wet, localities to dry ones, as its insect food is then 
more easily procurable. It is an interesting sight to see these birds 
regularly quartering a lawn, stopping every now and then to dig and 
probe the soil with their long beaks, the result of investigation 
generally yielding some insect, which is extracted and swallowed. 
If, however, the parent bird is collecting material to feed its young, 
it is often robbed by a King-crow, as we observed in our previous 
article on that bird. 

As Mason remarks, the young birds are fed almost entirely on 
caterpillars (probably all cutworms), grubs of Melolonthids, and 
crickets, and the amount of food fed during the day to a nest of 
half-grown young is extraordinary. Mr. Mason watched a nest 
one day from 6 a.m. and in the first hour fiity-eight visits were 
made to the nest by the old birds, and during these visits forty- 
five insects were almost certainly cutworms, ten were other 
caterpillars and grubs (some almost certainly Anomala grubs) and 
three were crickets (one of these may have been a large beetle) ; 
during the next half-hour twenty-seven caterpillars and grubs 
were brought and fed to the young birds. All this food was 
obtained from grass lawns or under Sissu and mango trees. Only 
one insect was brought at each visit and all these insects were 
large ones. The same nest was watched again by Mr. Mason a 
week later, but the birds now seemed more wary and consequently 
but few of the insects fed could be identified but they appeared 
to be the same kinds as observed before. On the latter occasion 
286 visits were paid to the nest by the parent birds between 
6 a.m. and noon and about two visits per hour were made when 
apparently no insects were brought, so that about 274 insects 
were brought in and fed in six hours to the young birdsj who 
numbered four or five at mo^t. The food brought to the young 
consists practically wholly of caterpillars, beetle grubs and crickets. 
When bringing in food to the nest, the old bird as a rule perches near 
the nest to look around for danger and almost always utters a harsh 
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grating sound on approach to the nest and again on entering and 
leaving the nest. 

The nesting season is in the early spring or beginning of the hot 
weather, and nesting takes place in any convenient hole, never at 
any great elevation from the ground, in trees, walls or banks. A nest 
has even been found on the floor of a house amongst some hlmsa 
(chaff). The nest itself is a mere apology, a little hair, a few feathers, 
leaves or grass-stems being carelessly strewed over the floor of the 
hole or hollow and, when eggs are laid in a tree-hole, there is often no 
nest at all. These birds never remove the droppings from their nest 
and the stench of these is most overpowering. Four to six eggs are 
laid as a rule, but as many as nine are reported to have been met with 
occasionally. So many young are not always reared and one of 
these birds has been seen dropping two out of four of its young from 
the nest, presumably to reduce the number of mouths to feed. 
The egg is a very lengthened oval, pointed at one end and sometimes 
tending to be pointed at the other end also, not glossy, uniformly 
pale greyish-blue or olive-green or olive-brown or any intermediate 
shade, the average size being 24 by 16-5 mm. The female bird 
alone incubates the eggs and, especially when the eggs are near 
hatching, scarcely ever leaves them alone for a moment, being 
assiduously tended by the male bird, who brings her food continu- 
ally. Mr. Inglis has seen a male bird, before the breeding season 
had commenced, run up to his mate and present her with an ant-lion 
grub. When the female bird is sitting closely in this way, she 
hisses like a snake if disturbed. They are very loath to leave the 
localities where they breed. On one occasion, to inspect a nest, 
the hen bird had to be pulled out of the hole and in doing so some 
of her tail feathers came out, but even this rather severe handling 
did not make her quit the place. 

The young nestlings, as noted above, e<re fed by the parents on 
caterpillars and crickets and, as soon as they are able to leave the 
nest, they may be seen trotting after their anxious parents, making 
ineflicient attempts at digging on their own account, but always 
ready to run up and have supplies thrust far down their throats by 
the long, curved beaks of their guardians. 
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It will readily be understood that a bird which feeds on insects, 
as does the Hoopoe, is a very useful one to the farmer. From 
actual examination of the stomach-contents of twenty-four birds at 
Pusa, the late C. W. Mason found that these had swallowed 278 
insects of which the ma j ority belonged to in] urious'species. A large 
proportion of its food also consists of cutworms and other insects 
living below the actual surface of the ground, so that they arc fairly 
immune to most other enemies, and from this point of view, as a 
destroyer of cutworms and cockchafer grubs, the Hoopoe is most 
decidedly amongst the farmer’s best friends and deserves every 
encouragement and protection. It is protected throughout the 
whole year, under the Wild Birds Protection Act, in Bombay, Delhi, 
the United Provinces, Bihar, Bengal, Assam and Burma, but in 
Madras in the Shevaroy Hills only. In Mysore it is not specifically 
protected but is presumably included in the schedule which 
includes all birds of bright plumage. 

Both the Indian and European Hoopoes are Imown in Hindustani 

as Hud-hud and in Mahratti as 8uiar. The name Hud-hud, as 
also the English name Hoopoe, are both derived from the call of 
these birds, a gentle “ UK UK, tjK, tjK, UK,” usually uttered when 
sitting on an exposed branch of a tree, the head being depressed 
until the tip of the beak almost touches the breast, the crest at the 
same time being laid flat down. This cry should not be confounded 
with the much loudef deeper call of the Crow-pheasant, 

Hoopoes have been kept in confinement and of course require an 
aviary and not a cage : the aviary should have turf laid down, as 
otherwise the bird’s bill gets damaged whilst probing about for 
insects. Butler says ‘‘ the best food for it consists largely of soaked 
ants’ cocoons, supplemented by mealworms, spiders, insects of all 
kinds, and earthworms.” They are said to get very tame in 
captivity. 

The correct specific name of the Indian Hoopoe seems to be 
rather doubtful. In the third Fauna volume on Indian Birds, by 
Blanford, it is called Upujpa indica, under which the named forms 
ceylonensis, nigripennis ani longifostris ate sunk, although the name 
ceylonensis has priority over indica, and the European Hoopoe is 
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separated as a distinct species under the name U. epo'ps. It seems 
doubtful bow far the Indian and Emopean birds are really distinct 
and it is probably better to include them both under the name 
Upupa epops, with the names U. epops epops for the European race, 
U. epops indica for the North Indian race, U. epops oeylonensis for 
the South Indian and Ceylonese form, and U. epops longirostris for 
the form found in Burma. 
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T. A. MILLER BROWNLIE, C.E., M.I.W.E., M.LM. & C.E., 
Agricultural Engineer to Government, Punjab. 

The evolution of the plough has left several thousands of 
different patterns of that implement on the markets of the world 
at the present day. During last century when factories were 
started for the manufacture of implements on a large scale, the 
promotors sought out those which were the most popular in cert;ain 
districts, thus forming the various standard patterns. 

When several implements of one class differed slightly in 
minor details, the ingenious mechanic produced a further type 
having movable parts which could be adjusted to meet the special 
requirements of the various purchasers. Some of these adjustable 
implements find great favour among many of their users, while 
many other users consider them an additional burden to the troubles 
already connected with the implements in their possession. 

The reason for this diversity of opinion is obvious. The plough 
must first suit the soil and be adjusted to the depth, width, and 
shape of the furrow it is required to make ; it must be capable of 
adjustment to suit the particular form of power employed to pull it, 
and that adjustment must be effected to a nicety. If the 
adjustments are not perfectly accomplished then the skilful 
ploughman will correct these defects in his handling of the 
implement. 

Unfortunately the days of the skilful ploughman are passing 
away, those days when the picked men of the districts met annually 
in open competition, and the work of the first prizeman excelled 
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only in trifling detail that of the last competitor. Skill has been 
largely discounted by the introduction of the wheeled plough. In 
this implement the wheels correct the defects caused by imperfect 
adjustment and the same skill is not required from the ploughman. 
It appears, however, to have been forgotten that a bad adjustment 
results in increased work for the draught animals, and, therefore, 
to obtain the greatest efficiency, the wheeled implement should 
be as carefully adjusted as its simpler prototype. 

A visit to several of the leading factories for the production of 
agricultural implements convinces one that designers of present 
day soil tillage implements have not studied the mechanics 
of the implements from the soil tillers’ point of view. Many 
attachments provided are “ selling points ” only, while other 
absolutely essential attachments are conspicuous by their absence, 
such absence being compensated for by the provision of an additional 
mechanical device, which necessarily adds cost to the implement, 
and absorbs extra power. As long as the implements continue to 
sell, the manufacturer is content, and the farmer has to make the 
best of the implement procurable. Closer co-operation between 
the farmer and the implement designer would probably result in 
simplification and improvement in many implements at present 
in use. 

It would appear that if implement makers employed more 
freely designers, who, in addition to their mechanical training, 
possessed a thorough grasp of the practical work to be done on 
the land by their implements, many present day models would 
disappear, and the tendency would be toward lower cost and 
greater efficiency. 

The following rough analysis of the mechanics of tillage 
implements may be of use to the young agriculturist in overcoming 
some of the difficulties often experienced in operating these 
implements. 

In the case of a simple plough working in soil of uniform 
density the horizontal components of the forces acting on the 
mouldboard and on the landside may be taken as in equilibrium : 
then the resultants of the vertical plane forces comprising the 
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3 Tires and frictional resistance may be represented as in 
and 6 ; if to the same scale a force y, representing the 


horizontal motion’^imparted to the implement, be ^ drawn from g 
one end of the anti-resultant E of force a and h (Fig. 2), then th< 


direction s — x 


g reduced to s— ^ and tJie vertical resistance as 
a; is increased to y'—x'. This loss of power 
India, where, for reasons partly due to the form 
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The chain by which the implement is drawn by animal or other 
power is represented by the line G — D attached to the beam at 
the point 0. Now the line 23-^0 is the line of draught, and it will be 
observed that this line produced passes above and behind the 
point A. The result of this incorrect adjustment is that the point A 
tends to set itself in the line D~C produced by its leverage, w^hich is 
the perpendicular distance from point A to D—C produced. With 
this adjustment the plough tends to dig its point into the ground, 
and the ploughman has to counteract this tendency by pressing on 
the handles. 

Assuming that the angle w'hich the line of draught makes with 
the horizontal is the economical angle (that is the smallest angle 
possible with best driving facilities), and that the height of D above 
ground level is a distance fixed by the type of draught animals 
employed, then, in order to correct the defect under these 
circumstances, the point of attachment G must be dropped to 0 
and the draught chain lengthened as shown by the line 0 . 

The line D~G' produced will now pass through the centre of 
resistance A of the implement. 

A less economical method of securing the same result might be 
■ necessarj" if the point of attachment G was not adjustable and could 
not be dropped to the position O'; this could be accomplished by 
simply shortening the draught chain to the position G D when 
J)''~G produced wmuld pass through the centre of resistance A, but 
in this case the angle formed by D"— 0 produced and the horizontal 
is no longer the economical angle and the draught animals have 
somewhat more work to do than necessary as exemplified by Mg. 3. 
Many plough makers attach a wheel to the beam in front of the 
plough or other implement ; this wheel, by pressing on the ground 
surface, prevents the implement “ noSe diving,” a tendency caused 
by the maladjustment shown in Mg. 4. With such ploughs the 
ploughman need have no trouble in pressing on the handles or in 
. adjusting the plough, but the wheel costs money, <A)sorhs power, and 
deprives the ploughman' of that sHll in plough setting which at 
one time was of such vital necessity. If efficiency be the keynote, 
then this skill is now of paramount importance. 
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In the case illustrated by Fig. 5, the line of draught as shown by 
D — C produced passes in front of the centre of resistance A of the 






implement, the leverage being the perpendicular distance from 
A to D — 'G produced. 

With this adjustment the implement will raise its point, i.e., 
will tend to work to the surface, and the ploughman will have to 
exert a forward pushing force, on the handles, to counteract this 
tendency. 

To adjust the implement correctly the draught chain would 
require to be attached to the beam at point C or else, if a draught 
adjustment is fitted, the chain would be moved up to the position d', 
the line A — D’ — d' produced passing through the centre of 
resistance A. 

When a plough is adjusted so that the line of draught passes 
through the centre of resistance, then the ploughm.an has only to 
correct for variations in soil density, a correction requiring only the 
occasional gentle touch of the skilled ploughman, man and cattle 
being nearly as fresh at the end of the day as when they started. 

In tillage implements comprising two, three, or more tilling 
points, and of a type in which the points are attached to bars which 
are stifi in the direction of travel, such as hoes, cultivators and 
certain makes of harrows, etc., then the principle holds good, viz., 
that the line of draught must pass through the centre of resistance, 
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if tlie implement is to progress with all points at a uniform depth 
in soil of uniform density. In implements of this class the centre of 
resistance is in the vertical line passing through the centre of gravity 
of the centres of gravity of each working part of each point and 
the disturbed unit of soil surrounding each point. In other words, 
the centre of resistance is the resultant of the centres of resistance 
for each point. 

The ancient Egyptian and the similar present day Indian 
plough is provided with a long rigid draw bar or beam running the 
entire distance from the plough to the point of attachment at the 
necks of the oxen. These ploughs are locally made and generally 
srut the height of bullocks in the districts in which they are used. 
The efiect of slight incorrect adjustment in a plough of this type is 
not so apparent as it is in a plough drawn by a flexible draught rope 
or chain, because lines of stress may pass outside a rigid, member 
without producing noticeable strain and the plough may keep its position 
although it and its draw bar are subjected to internal cross stresses. 

In the case of a plough or other implement drawn by a flexible 
draught attachment, the stress line must pass within the flexible 
member and cross stresses are an impossibility, hence the necessity 
for absolutely correct adjustment to secure true running of the 
implement. 

Some modern plough makers have attempted to meet eastern 
requirements by attaching a rigid draw bar to a modern steel plough 
designed for a particular class of ploughing ; it would appear 
impossible to produce at any central factory an implement of this 
type which will suit very varying heights of draught cattle in 
difierent parts of the country. In those districts where the 
ploughman finds difficulty in manipulating the plough, the 
plough is scrapped as unsuitable, the actual reason being, not 
because it is a bad plough, but because the line of draught does 
not pass through the centre of resistance, and adjustments to 
attain this end are not provided. 

The mechanics of tillage implements is but imperfectly 
understood by many even of the most expert and scientific 
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and statics is hardly part of their province. The implement makers 
however, can very easily construct implements in which the line of 
draught will pass through the centre of resi^ance for average 
conditions, and which will have an adjustment permitting the line of 
draught to pass through the centre of resistance for a considerable 
range of conditions above and below average. A table shoving 
positions of point of draught attachment to the “clevis” or 
coupling, of the implement, for different draught lengths and animal 
heigMs, would be of real benefit to the young agriculturist. 

This would result in the manipulating of implements which 
would run level and true, without the addition of unnecessarv 
wheels and other contraptions which are ^selling points,” and 
hUle better than “eye-wash” as they represent an unnecessarv 
increase in the cost of the implement and considerable loss of enersrg 
_ It would also rapidly increase the use of modern types of 
implements wMch our agricultural authorities agree are necessary 
tor the more efficient cultivation of the soil. 


GEEMINATION AND PRESERVATION OF 
SUGARCANE POLLEN. 






BY 


E.AO SAHIB T. S. VENKATEAMAN, 
Gov&rnm&nt SugaTcctne Ex'p&rt. 


Germination op sugarcane pollen. 

To derive maximum benefit all pollination work involves tfic 
testing of both the pollen and tbe stigmas for fertility. Tbis 
becomes very necessary in tbe case of a plant like tbe sugarcane, 
where tbe fertility of tbe sexual organs is as much an excepoion 

as tbe rule. ^ n 

Tbe iodine test for ascertaining tbe bealtbiness of cane pollen 

has been available for some time, thanks to tbe work of Java 
botanists. Tbis, however, gives no indication as to the viability of 
pollen at a particular time, say, at tbe time of pollination, as even 
grains which have lost their viabiUty stain blue with iodine. In 
other words, tbe test only indicates that the grains showing t e 
positive reaction were viable at one time. What is required is a 
test for viabiUty at tbe time of polUnation ; and, in tbe experience 
of tbe writer, actual germination of the grains is tbe only reUab e 

Artificial culture of pollen presents difficulties of considerable 
magnitude owing to wide variations in tbe requirements of dlfierent 
pollens (1) as to tbe composition of culture media and (2) as to tfie 
optimum degrees of Ugbt and warmth for a free germination 
Consequently, all attempts to germinate cane poUen artificial 
culture media, made for over half a dozen years at the Cane- 
breeding Station, Coimbatore, proved disappointing. 
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Attention was, therefore, directed to growing them < 
stigmas in the field, and, naturally, excellent results were ol 
with sugarcane stigmas. But, as a test for viability of a par 

sample of pollen, the method was found to have the fol 

deiects : — 

(1) There is always the possibility of pollen from the 

(emasculation is difficult in the cane) or 
stray cane pollen (of which there is always si 
abundance in the air during the cane arrowing s< 
getting access to the culture stigma. 

(2) The germinating pollen tubes soon get lost in be 


it gave the most satisfactory germination of all. 

(2) The flowers are easy to emasculate and the stigmas are 

ready long before the anthers open, 

( 3 ) The flowers are available in quantities 

the station during the arrowing sea 

( 4 ) Stigmas remain in condition for a sufi 

when the bases of the flower-stai 
water. 

( 5 ) Datum pollen could easily be disting 

pollen which greatly minimizes chan 
Details of the method of 
writer are described below. 


adopted by the 



plate X. 
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germination and preservation of sugarcane 

i^OLLEN, 

r ®"'* -"'.•I-' “"Hers removed 

shows the stigma Risht^^C^^ or testing ; an opening in the corolla tube 
and the stigma ^ ‘“^e opened out to reveal the stamens 

Germinating sugarcane pollen { copied from a microphotograph ). 
Improvised chambers for preserving pollen upto three hours 

Sion and thiTubs^quSbeSiin of poltm^ P*"®*™- 
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Buds of buds wHch -wrould opeu the same or the noxt 

evening— are Golleeted early in the morning and kept in bottles 
or tubes filled with water and with the bases of the stalks dipping 
under it (Plate X, fig. 1). The funnel-shaped coi'olla is now gently 
opened and the anthers which would be found quite immature 
pulled out with a pair of pincers. The cane pollen to be tested 
is now dusted on the stigmas which would be found sticky and 
receptive. This is now kept in a cool place, preferably the shade 
of the cane crop, for about an hour and a half. 

For examination under the microscope, a scraping is made witii 
a mounted needle or the sharp point of a knife and mounted in plain 
water. If healthy, a large number of grains would be found to have 
germinated (Plate X, fig. 2). Very often the nucleus can be clearly 
made out. 

Preservation of sugarcane pollen. 

Pollens vary considerably as to the relative periods during 
which they keep viable when out of the anther sacs. Barley pollen 
is reported to lose- viability in about ten minutes in free air.^ In cane 
pollen, viability begins to decrease in about twenty minutes in open 
air and often disappears altogether in about half an hour. 

In cross-breeding experiments the need is frequently felt to 
preserve pollen for a time without its losing vitality. This generally 
arises from a disparity between the times of flowering of the two 
parents. The breeding work carried on at Coimbatore aims at 
raising as many crosses as possible between the thin hardy Indian 
canes and the thick juicy canes of the Tropics. These two classes 
of canes flower, however, at two different periods, the bulk of the 
Indian canes arrowing from fifteen to twenty days later than those 
of the other class. The abiUty to preserve cane pollen in viable 
condition for fairly long periods is consequently of some importance 
to the station. 

A first series of experiments showed that, when cane pollen is 
kept in a moist atmosphere but with free access to open air, it 


^Anthony and Harlan. Germination of "barley pollen.'" /own AfH. Bea, 
No. 10, Eeb, im 


2 


130 AGRICULTURAL JOURNAL OF INDIA [XVII, II, 

keeps viable for as many as three hours, after which it rapidly 
loses vitality. Two such improvised chambers are shown in 
Plate X, fig. 3, the humidity being kept up with water or 
moistened megass placed in the excavations in the slide or the 
slab. 

With a view to extend the period of preservatiouj the idea 
was entertained of keeping the pollen within the anthers themselves 
by preventing their dehiscence. It was thought that these natural 
receptacles might prove satisfactory for preserving vitality. 
Previous experience with cane anthers had shown that the dryness 
of the atmosphere was a factor of some importance in their opening, 
a dewy night retarding it by as many as tivo to three hours. 
The method described below was adopted to maintain a humid 
atmosphere round the anthers. Arrows which were about to 
protrude the anthers were cut from the field together with a fair 
sized stalk and placed with the base of the stalk in a bottle of 
watgr (Plate X, fig. 5). This was now placed in a narrow tin or 
bamboo tube and covered with a lid at the top. The lid was made 
sufficiently loose to allow a certain amount of exchange between 
the air inside the tin and that outside of it. The arrows were 
taken out at varying periods, and it was found that, by this method, 
pollen could be kept viable only from six to eight hours. Beyond 
this period the anthers refused to protrude when taken out. 

Besides preventing dehiscence, the maintenance of the vitality 
of the arrow as a whole was obviously indicated. After an 
extended series of trials the following elaborations were made 
with satisfactory results : — 

Arrows in which the anther protrusion is commencing at the 
top are selected. Very early in the morning and long before the 
usual time for anther protrusion, the arrows are severed from the 
plants together with the whole stalk and a bit of the cane at the 
bottom to a length of one foot. The cane portion is immediately 
placed in a bucket of water and a fresh cut made under the water. 
The bucket with the arrows is now removed to a cool place, where 
they are taken out and the cane portions stuck into a ball of wet 
clay. The arrows proper now first receive a wrapping of tissue 
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paper and tlien anotlier of brown paper ; and each individual 
specimen, along with the stalk and the cane portion %vith the baU 
of wet clay, is gently laid inside a bamboo crate specially prepared 
for the purpose (Plate X, fig. 4). These crates are made a little 
longer than the longest of the specimens and triangular in cross 
section with the sides about one foot broad. The specimens are 
secured with twine to the crate posts at intervals, to prevent 
movement of the arrows when the crates are moved as a whole. 
Five to six arrows are thus placed inside each crate which is then 
wrapped round with loose straw or cane trash and tied secu^y 
round with coir rope, when it is ready for the journey. The 
humidity of the air inside the crate is maintained by frequent 
sprinkling of water over the orates. Care has, however, to be 
taken to see that no portion of the arrow comes in actual contact 

with water, as this ruins the pollen. ^ _ 

When pollen is required for pollination, each specimen is 
separately taken out, wrappings removed, portion of the stalk wit 
the cane portion cut ofi and the arrow supported in a bottle of water 
iPlate X fig 5). A fairly warm room without a blow of wind is tue 
S pbo’e to kip toe arrL in. In about ball an hone toe antoers 
would be seen to come out, dehisce and bbeiate the pollen very 
muoh as in the held. By testing the Hberated pollen 
it has been found that poEen could thus be kept m a viable condition 
“any as eleven days from toe date of cutt ng the atoow^ 
The arrows are to be token out only as they are needed for PoU™*"™ 
and about half an hour previous. Actual tests ^ 

these crates could be sent in ordinary luggage vans without sp g 
the vitality of toe contained poEen. The “f f 
included a raUway journey over a astonce of 2o0 ™ J 

a whole night, and a road journey in an ordmary 
,li.t.r,e« of ton mEes and lasting for a period of four hours 
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- : 2. Outside the anthers and in the open air, cane pollen begins 

to lose viability rapidly in less than half an hour. Pollination in the 
sugarcane should, therefore, be done as quickly as possible after the 
colleotion of pollen, 

3. A method is described by which sugarcane pollen could be 
preserved in a viable condition for a period of eleven days. 



N THE decomposition OE SOME 
GREEN- manuring PLANTS AT 
lENT STAGES OP GROWTH IN 
JLACK COTTON SOIL OP THE 
CENTRAL PROVINCES* 


The application of green manures to black cotton sou is a 
agricultural operation frequently giving 

oulties. By black cotton soil is imderstood tie tlaot soil piev g 

tbiougbout a large part of tie Deccan whicb is generally cropped 
with cotton. JW {Andr^ogon Sorptem) or some other 
(moneoonl crop. Where, however, the sod is deep enough and the 
rainfall sufficient, wheat and other ,M (winter) creps can also be 
grown. As a rule, in the area above indicated irrigation facilities 

Le not available for black cotton soil, and the 

mrij crop on the monsoon rain and its rob, crop on 
in tU sol together with whatever ram may fall durii^ the 
season. In rice-growing areas where irrigation is 
application of green manure and its decomposition can toala^e 

extent be controlled as it is possible to mamtam the “ 

.... I* xi _ Q-nxr flAsired state, but such. facilities 


success. Black cotton soil is j 


Calcutta, 1921 


Eiglitii Indian Science Congress. 
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nitrogen and organic matter that green-manuring is strongly 
indicated, and it was considered that more detailed information 
on the factors governing its successful practice was> required. 

Experiments on the utility of green manures for rabi crops on 
the black cotton soil, especially wheat, have been carried out on the 
experimental farms at Nagpur and Hoshangabad since 1904 and 
1909 respectively. The results of these experiments have been 
recorded by Allan^ in his paper on “Green-manuring in the Central 
Provinces.” He points out the importance of the early inversion 
of the green-manuring material and the intimate relationship 
between the rainfall subsequent to ploughing in the green manure 
and the yield of the following vahi crop. He also expressed the 
opinion that a minimum rainfall of 35 inches was necessary for 
successful green-manuring for rabi crops. 

As regards previous work bearing on the problem dealt with in 
this paper, the papers by Hutchinson and Milligan^ and by Joshi^ 
may be mentioned. Hutchinson and Milligan carried out 
laboratory experiments on the decomposition of sann-hemp at 
various stages of growth and under different conditions in Pusa 
soil— a calcareous. Gangetic alluvium of a loamy character. They 
considered the quantitative transformation of nitrogen alone. 
Joshi’s work was on the comparative rate of nitrification of difierent 
green-manuring plants and different parts of the plants used as green 
manures in Pusa soil. He found from his experiments that the 
more tender and hence more easily decomposable the tissue, the 
slower the nitrification. This is rather contrary to general 
expectation ; in fact, a heavy growth, leafy habit and soft 
non-fibrous character have been taken as indicating a plant easy 
of decomposition resulting in a greater nitrate accumulation. 
(AUan).^ Experience in these provinces indicates that the earlier 
the green plants are ploughed in, the better is the succeeding 
■rabi crop, but this is not quite in agreement with what 


^ Agru Jour. India, X, p. 380. 

® Agri, Bea. ItisL Pusa Bull, 40, 191^, 

^ Agri. Jour. India^ Special lad. Science Congreas Xo., 1919, 
* hoc. cU^ ’ 
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might be expected bom the results obtained m laboratoij 
experiments with Pusa soU (JobH )1 where a more tender p ant 
produced a smaller accumulation of nitrate than a woody plant 
ne relationship between the nature of the growth “ ° 

a plant and its susceptibility to decomposition “ “ ^ 
sod has, therefore, been made subject to 
paper records the results obtained from a detailed study 
following factors connected with the process of green-manm g . 

(1) The rate of growth of plants used as green 

(2) The composition of the plants at various stages 

n) Th^r^^^of decomposition of the nitrogenous and 

carbonaceous constituents of the 

stages of growth and of different parts of plants, ..e., 

leaves and stems. . , fViP 

(4) The effect of varying proportions of stems 

decomposition of leaves. 

Experimental. 

acMimta) were sown separate y At the end of two, 

cotton soil at from duplicate pots of each 

four, six experiments on decomposition 

variety were cut and nsea +« nn the 12 weeks’ growth of 

With the exception of the £ £920, all the others 

both th « 

"tTd the pot Cultures was ^m the 

dcLiption of its physical t^l 

writer^ in one of his previous puhhoations. is yv 

cotton soil. „ „f flrv soil was mixed thoroughly 

with te req^r^ itity S freshly cut green manur etobe^ 

Sl~ai led. S.W- C..S~ >««■ 
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precautions being taken to secure cut pieces of the green stuff of a 

.m. length of half an inch. The optanm percentage Jit 

vourmg decompoBition has been found to be SO per cmt and in 

^ Tt:; 

earned out. ^’p^I Tr ^ rra^ri trnl’' t a^: 
.1 T ^y"^i®diiianairovenatlOO°C OTounrl ni 

aboufto t:n:ta:r:,o:; htfbee?::;.!::' t‘T 

determinations of mAk+nvra „ 7 -a required tor the 

quantity of nitrogen per ion order to take a fixed 

iutervalbetJenXtilofct^^^ thue involving a great 

si^tr£aH==:== 

Shoonover2 with o-reen and mrAi + f 7^^ ^^hiting and 
great tapoir"**’*' -a " »* ™rp 

meth!rai“ thTtht'oM' TT 

the amount of ■ ^ pbonic acid method i-eapectively, and 

7:iT^ “~y ^y * 1 * 

theae eatimations has already be!ngivr“‘’*'“ 


^ Z-oc. C'iV, 

' ^o»'i^6*e»oe, IX, pp. 137-149. 
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cder to measure the rate of decomposition of the 
ous matter of the various samples, 100 or 200 grm. 
be soil were taken, mixed with the green manure, 
ir added as described previously in the nitrification 
its The difference of moisture in this case, however 
up immediately after the first CO, estimation, the small 
of water required being added by means of a graduate 
and mixed with the soil by shaking. Erlenmeyer 
500 c.c. capacity, fitted with rubber corks having two 
bubea, one going right np to the bottom while the other 
ining nearly half the way inside the flask, were employed 
he soil. The two ends of the delivery tubes vrere plugged 
ton wool in a fairly loose manner. The flasks were 
i with aspirators and every day 2 litres of air freed feom 
passed over the soil and into Petencoffer tubes con^mmg 
barium hydroxide solution and phenol-phthalein. 

/were done with hydrochloric acid. control 
,nt taking the eame qnantity o£ soil and water but no 
mure was also made mth each series ol determinations. 

relative heights and weights of the green-manurmg p an 
, -r. in Table I aud a detailed chemical 


4 WBEES OLD 


Average Average 
height weight 


Average Average 
height weight 


Green manure 


Average 

weight 


irerage Average Average 
height weight height 


Saim-hemp 


Dhaincha 
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Table II 


txvn, n. 


Slmomg the relative ohemical compoaitimt oj the various green 
manuring flants in terms oj percentages calculated on 
fresh green samples. 



Description of 
manure 


Organic 

matter 


Sann-hemp (2 weeks 
growth) 

Dhaincha (2 weeks ! 
growth) . . I 

kSann*hemp (4 weeksi 
growth) 

Dhaincha (4 weeks 
growth) 

Sann-hemp (6 weeks 
growth) 

Dhaincha (6 weeks 
growth) 

Sann-hemp (12 
weeks growth) . . 

Stems alone from 
sann-hemp (12 
weeks growth) . . 

Leaves alone from 
sann-hemp (12 
weeks growth) , . ( 


S the protein percentage fr 

w b; «.°i " ““ ■»' »*■ «. 

{d) By combustion. 

(e) Determined by subtracting the total of columns 2 and 6 from KX 

analysis of the various samples is embodied in Table IT 
m Table II show : — 

(1) The percentage of moisture decreases a 
manuring plants advance in age. 1 
IS not, however, so great in the case o 
in the case of sann-hemp* 


? Mois- 
ture 

1 Ether 
ex- 
j tract 

(a) 

Pro- 

tein 

(6) 

Fibre 

! Ash 

ai & 

' sand 

(c) 

Carbo- 

hydrates 

N 

(d) 

0 

Ijj 

3 

- 

4 

1 

5 

6 

j 

1 7 

8 

-L^l 



' BBCOMPOStTION Of G-BBEK-MAKUEIKC PLANTS 

(2) The percentages of carbon, carboliydrates and fibre 

increase with the age of the plants. 

(3) There is not an appreciable change in the percentage of 

nitrogen due to the increased growth of plants. 

The comparative distribution of the total nitrogen in lea\ es 
and stems will be found in Table III and the relative proportion 
of leaves and stems in green sann-hemp 6 and 12 weeks old in 
Table IV. 

Table III 

Showing the distribution oj the nitrogen expressed, as percentage oj the 
total nitrogen contained in sann-hemp. 


Table IV 

SUming tU propyrtim oJ leaves to ste,m in the samples oj greet, sann 
hemp in terms oj percentages. 


v-r- ' ■ ! 

■ 

Nitrogen | 
in j 

leaves j 

Nitrogen | 
in j 

stems 



Sann-hemp (6 weeks growth) 

i 55*9 

44*1 

1 n*4 

: 13*7^ 

j 19*0 ! 

top 

middle 

bottom 

Sann-hemp (12 weeks growth) 

■52*1 \ 

I 

47*9 

1 




Leaves 

! 

Stems 



Sann-hemp (6 weeks growth) 

" P- ■ i 

.. i ■41*1 ■ ■ .i 

i ■ ■ ■ 

^ 58*9 

i' 

1 

i . 12*2 1 
18*1^ 
. 28*6 j 

itop 

middle 

bottom 

Sann-hemp (12 weeks growth) 

.. i. 26-2 

i 

i 

1 
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The comparative rates of decomposition of the nitrogenous 
constituents as measured by the amounts of nitrites and nitrates 
ormed in the case of sann-hemp and dhaincha are given in Table VI 

JVVr lr® percentage of nitrogen 

nitrified ID tlie case of eaim-lemp begins to fall as the green mannre 

advances in age. Hutchinson and Milligan in their experiments 
Jit -fi rv°'' percentage of nitrogen 

1 ’‘“'“I’ P®'- eent. respectivelv 

md 12 4e?”'* 8« I and 16-0 for t.'e 

and 12 weeis growth respectively. Their results are therefore of 

he same order as those described in the present paper. 


Table V 



Showing percentage nitrogen nitrified {including 
I.’: ..'.' ; :• w leaves, stems, etc. 


nitrites and ni\ 


SA3SIK-HEMP 


12 WEEKS 


400 grm. 
soil + 
20 grm . 
leaves ' 
+20 
gim. 
whole 
steniaS 


200 grm. I 200 grm. 
soil + : soil + 
10 grm. lOgrni. 
middle bottom 
stems stems 


200 grm, 
soil + 
10 grm. 
leaves 


400 grm, 
soil + 
20 grm. 
leaves 


400 grm, 
soil + 
20 ’grm., 
whole 
I stems 


weeks 


Mg, of nitrogen added 
100 gnh. soil 
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Table VT 


Showing the total percentage nitrogen nitrified including nitrites and 

nitrates. ' 


400 grm.400grm. 400 gm. 400 ,gr“i. 400 grm. 4uu grm. 

if^. is“^. IS- 

STre ma^e rSlZ mfnure manure m^ure — ; 

'gST&) ‘s»-w 


PBBOEJTTAGB HITKOGElSf NITRIFIED 


Mg.'of nitrogen added per 
100 gnh. soil 
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In the Mse of sann-hemp 6 weeks old the peroentaoe of 
nitrogen nitrified after 8 weeks is S6 per cent. (Table ?I I %],! 
represents the total oxidation of nitrogen in both lea™ ^ I 
various parts of stems taken together as they are present nTrmaT 
m a fresh sample. Now, if we calculate Lm L figure 
mrablMlIIand V,the total percentage of nitrogen that should 
be nitrified m 8 weeks if the various parts of the oIstU- «r 

“btated be 

the ‘’“e nitrogen is in the leaf and 39-37 is 

S^ierlrSlTo ^ 

which could b^itriW if 

whole plant were added Similarly the top m^Z aTdIot torn 

parts of stems give - 5-09 nine IHSM* 

100 


19X0 e . ~ 

= 0 of nitrogen nitrified 


X 44-66 

100 = 0-09 plus 


= 2-01 plus 

O'""* 

The sum of these is 29-10 renreqpnfT'niv +i • 

p"“:srdrr:iff™^^^ 

determination shows that sTper^n^ ofthe^"'?^’' rteted a direct 
plant is nitrifiable in 8 weeks. 

. This sliows tiat there is HO in 

of nitrogen nitrified in a sample of e“o,d “^7 "'"7“*' 
is added as a mixture of leaves and stems to th 1 f 

.^S oh.ined When the indridr;^^™ 

of nitrogen nitrified ate^' » '^77777^67 T^eTTd^f 
calculated on the basis of nitrification of the individual narf-1 
eaves and stems-as in the previous case, it should be as follLs 
Leaves ?2^ix27-2 

Stems 


100 
47-9XH-1 


100 


= 14-20 
5-32 


Total 


19*52 per cent. 
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to-acGumuIate. It may,- however, -be mentioned here that no 
extraordinary accumulation of nitrites was observed in any of 
these experiments in spite of the increasing amounts of stems in 
some of the samples. 

The diminution of nitrifiable nitrogen in sann-hemp of advanced 
age does not therefore appear to be due to any deleterious influence 
of the stems upon the nitrification of leaf nitrogen. Anv of the 
following causes may be responsible wholly or in part for reduced 
nitrification in the matured plant : — 

( 1 ) II' is known that the fibre is more resistant to the action of 

micro-organisms than the other constituents of the plant, and any 
nitrogen contained in it would therefore be in a comparatively 
non-available form. Chemical determinations made in connection 
with this point showed that in the green sann-hemp of 12 weeks 
growth and in the case of stems alone from the same sample, out 
of the total nitrogen present about 11 and 18 per cent., respectively, 
was contained in the fibre. Increasing amounts of fibre in the 
sann-hemp as it advances in age would therefore indicate increasing 
amounts of nitrogen becoming more and more resistant to 
decomposition, thus accounting, partly at any rate, for the reduction 
in nitrification in the ease of green manures of advanced age. 

(2) It is possible that the increasing amounts of carbohydrates 
(Table II) in the green sann-hemp, as it advances in age, exert some 
deleterious influence on the nitrifiability of the nitrogenous 
constituents or the carbohydrates may stimulate nitrate reduction. 
Though it is true that this is possible in the case of solutions, it is 
doubtful if the same holds good in the case of soil, particularly when 
we consider the relatively smaU amount of green stuff that is added 
in the usual practice of green-manuring. No definite opinion on this 
point can however be formed at present in the case of black cotton 
soil but, as far. as nitrate reduction is concerned, no extraordinary 
accumulation of nitrites was observed in any of these experiments 
in spite of the large amounts of carbohydrates present in some 
of the material under experiment. 

(3) A regular decrease in the moisture content of the green 
manure (Table II) as it advances %age may be partly responsible 
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for the decrease in nitrification in the case of 6 and 12 weeks old 
sann-hemp. It has already been pointed out that artificial drying 
retards the nitrification process as seen from experiments of 
Hutchinson and Milligan^ and those of A. L. Whiting and W. H. 
Schoonover.2 The explanatory hypothesis given by Whiting and 
Schoonover in their paper is reproduced below as it seems to throw 
some light on this question : — 

“ The change which dehydration (curing) brought about in 
the rate of the initial decomposition (of clover) appears to be 
of a physical nature only. An explanatory hypothesis is that 
dehydration resulted in a hardening and shrivelling of tissues which 
interferes with the re-entrance of water and consequently delays 
the decomposition because the bacteria must await the softening 
of the tissues before they are able to start their work, while with 
the green no stich delay occurs as the cells are already hydrated.” 

In the case of completely dried plants there is a maximum 
amount of dehydration which would exert a maximum deterrent 
effect, while in the case of green sann-hemp advanced in age this 
effect may be only partial. From the figures given in Table VII 
it will be seen that, in spite of the increasing percentage of 
carbohydrates with the advance in age of the green sann-hemp, 
there is a gradual reduction in the percentage of carbonaceous 
material decomposed, and this supports the view that, because 
of the altered physical condition of the various plant constituents 
in mature sann-hemp, decomposition by micro-organisms is not 
easily carried out. 

In the absence of any other direct evidence it is not possible to 
say which of the two factors mentioned above, the formation of 
resistant nitrogenous substances or the hardening of the plant 
tissues by partial drying, is more responsible for the reduction in 
nitrification of mature sann-hemp. 

From the results given in Tables VI and VII, it is seen that the 
more succulent the sann-hemp plants are, as determined from the 
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high percentages of moisture, low percentages of fibre and shortness 
of period of growth, the more easily are their various constituents 
decomposed. 

In the case of dhaincha there is practically no decrease in the 
rate of nitrification as the plants advance in growth. This can be 
explained if we observe the relative growth and height of the sann- 
hemp and dhaincha plants given in Table I and their compositions as 
given in Table II. It is seen that there was not any marked growth 
of the dhaincha plants and at the same time the range of variation 
in the percentages of fibre and moisture in the various stages of 
growth was not very great when compared with similar figures for 
sann-hemp.* The opinion was given previously that a gradual 
decrease in the moisture content and an increasing proportion of 
non-available nitrogen due to the rise in fibre content are largely 
responsible for the decrease in nitrification of sann-hemp plants as 
they advance in growth. This is further supported by the results 
obtained from the experiments with dhaincha. The fact that 
dhaincha is a slow grower in early stages as compared with sann- 
hemp under conditions prevailing with black cotton soil is 
well known and is also mentioned by Allan^ in his paper on “ Green- 
manuring in Centra 1 Provinces.” DhaincJiaUB, however, certain 
advantages in resisting excessive moisture, and hence it is used as a 
green-manuring crop in some paddy-growing tracts and in the case 
of other crops where a sufficient time can be allowed for its full 

gro'wth before it is turned into the soil as a green manure. 

Having dealt wdth the decomposition of the nitrogenous 
constituents of plants used as green manure, we shall now consider 
the decomposition of the carbon constituents. 

Determinations of COj were made daily until the amount of 
COa produced decreased considerably below that given ofi on the 
first day. The results of decomposition of sann-hemp as measured 
by the rate of CO, production per day are given in Table VII. 

These results show a regular fall in the percentage of carbon 
oxidized as the age of the sann-hemp advances and are therefore 
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parallel to tliose of nitrification but the duration of these experiments 
was from ,15 to 20 days only. Experiments with 6 weeks old sann- 
hemp could not be completed but the results are given so far as 
available. 

Potter and Snyder^, in their experiments on the decomposition 
of carbon in green and dried plants, carried on their determinations 
for from 53 to 216 days, and found there was not any very great 
difference in the total percentage of carbon oxidized whether the 
green manure was added green or dry. Recent work by W hite- 
also shows only 3-3 per cent, more total organic matter oxidized 
when green manure is added fresh than when added dry, the 
determinations being continued for 9 months. The decrease in the 
rate of oxidation of carbon with the increase of matuiitj of the 
sann-hemp, as found by the author, may therefore be in the earlier 

stages of decomposition only. 

From the experiments under consideration it is seen that 
during a period of nearly 3 weeks the decomposition of the leaves of 
mature sann-hemp produces twice as much carbon dioxide as that 
of the stems, calculated on equal weights of carbon in the eaves 
and stems separately. This indicates that when the plant is 
12 weeks old the leaf carbon is more readily oxidized than that in 

iilic sljCms • • 

The presence of stems does not appear to affect the oxidation 

of leaf carbon as the following figures show 

5 grm. leaves alone per 100 grm. soil gave off 183-1 mg. C as , 
° 128-2 mg. C as L-Uj 

5 grm. stems •, >> 


Total 


311-3 


Amixed sampleof 5grm. leaves plus 5grm. stemsper lOO^ ^ 

soil gave off 29S1 mg. C as CO, or 20-16 per cent. Calcnlatoons 
made from the mdividual results of leaves and stems given above 
show that 21-06 per cent, of the carbon should have b een oxidised, 

1 Jour. Agru Besearch, XI, PP* 677-698« 

2 Jour. Aqn* Research^ XIII, pp. 171-197* 
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a difference wMch within the limits of experimental error cannot be 
said to indicate any effect of stems on the oxidation of leaf carbon. 

Similar results were obtained in the case of a normal sample of 
green manure 12 weeks old containing 26‘2per cent, leaves and ^S-S 
per cent, stems. The maximum percentage of carbon that should 
be oxidized in a normal sample of 12 weeks old sann-hemp, if 
calculated from the individual figures for leaves and stems, comes 
to 18 per cent, whereas the percentage actually found is 21-2 
per cent. As in the case of nitrogen oxidation, also the carbon in 
the leaves or the stems appears to oxidize to the same extent 
when the stems and leaves are mixed as when they are kept 
separate. 

The rate of oxidation of carbon in dhaincha is given in Table 
VIII. These results show that there is a similar decrease in the 
oxidation of carbon in dhaincha as in the case of sann-hemp. The 
results for the 6 weeks old plant cannot be taken as entirely 
comparable as the experiments could not be carried through 
completely. 

While these results throw some light on the quantitative rate 
of decomposition of the nitrogenous and carbonaceous constituents 
of the green-manuring plants, they also support the field 
experiments carried out in these provinces and summarized by 
Allan^, showing that sann-hemp of about 6 weeks growth is in a 
condition to undergo rapid decomposition and so become of value 
to the succeeding crop. The moisture factor must, however, 
not be overlooked. 

In conclusion, I wish to express my best thanks to Mr. A.E.P. 
Aiyer, Offg. Agricultural Chemist, for providing some of the 
chemical analyses quoted in this paper. 

Summary. 

1. Observations on the rate of growth of sann-hemp 
(Crotalaria juncea) and dhaincha {Seshania aculeata) in black cotton 
soil show that the latter is a comparatively slow grower in its 
initial stages. 


DECOMPOSiTiON OE aREEN-MANtJEiSTG PLAOTS i4§ 

2. It is seen that as the green plants advance in age the 
proportion of leaf to stem decreases and the percentages of dry 
matter and fibre increase. 

3. It is seen that the earlier sann-hemp is used as green 
manure the more rapid is the decomposition of its carbonaceous 
and nitrogenous constituents. With dhaincha, however, there was 
no marked decrease in the rate of nitrification of the comparatively 
older plants, though there was a certain amount of decrease in the 
decomposition of carbonaceous constituents. 

4. Nitrogen in the leaves of sann-hemp is more easily nitrified 

than that in stems. 

5. Stems of sann-hemp do not appear to have any retarding 
efiect on the decomposition of sann leaves in black cotton soil. 

6. The slowness of decomposition in full-grown green sann 
plants is not due to any efiect of the increasing proportion of 
stems on leaves. It may be due to the change in composition of 
the plants and such alterations which take place in the physical 
condition of the plant tissues owing to a large reduction in the water 
content. Plant tissues partially dried owing to advance in age 
require time to absorb water from the soil and thus become suscept- 
ible to attack by soil micro-organisms. 
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Table 

Showing the amount of CO2 evolved on successive days 


Mg. CO'J evolved per 100 grin, of soil 



Mg. COg evolved per 100 grin, of soil 


2 weeks growth, 
mamire 

■4 weeks growth, 
manure 


6 weeks growth, 
manure . . 


46*97 

47*96 

58-08 

36*30 

75*24 

25*74 

81-62 


29*81 

40*26 

57*86 

38*28 

73*04 

29*48 

87*34 


10*78 

17*60 

47*30 

45*10 

44*22 

48*40 

90*20 


6*82 

9*90 

38*94 

40*26 

34*54 

46*42 

88*66 


6*93 

9*02 

51*92 

41*80 

33*00 

37*40 

79*64 


31*13 

28*38 

28*82 

30*14 


56*98 


18*04 


59*62 


14*52 

30*80 

88*88 

40*26 


58*96 


48*18 


86*68 


2 weeks grow''bh . . 

4 weeks growth . . 

6 weeks growth . . 

12 weeks growth . . 

Leaves alone from 12 weeks 
growth . . 

Stems alone from 12 weeks 
growth , , . . 

Leaves and stems from 12 weeks 
growth in equal proportions . . 


48*73 

93*06 

55*22 

35*20 


72*60 


18*26 


73*04 


Table 

Shoioing the amount of CO^ evolved on successive days and the 


39*16 

32*56 

38*50 

40*26 


68*20 


17*16 


62*92 


16*06 

16*94 

17*16 

19*36 


43*12 


14*96 


38*06 


17*71 

36*74 

38*83 

41*14 

35*53 

23*10 ; 

10*56 I 

7-92 

16-50 

32*78 

42*46 

92*40 

40*48 

26-18 

22-00 

^ 14*30 

17-16 

30*36 

1 

40 04 

47*30 

44*88 

44-66 

76-02 

36*30 



DECOBIPOSITION OB’ GREEN -MANXJElNG PLANT 


and the percentage of carbon oxidized in sann-hemp. 


I Total 

1 amount Total 
ol' j[scr- 
carbon oen- 
added tage 
as carbon 
green oxi- 
manure dized 
in mg. 


Total aniount 
of CO„ given 


eacii successive da^* 


p6TG6Yht(iyC of CCtThoil 0 XidiZ 6 (l i'lfl cl]i3>iiicli3» 


Total 

amount Total 
of per- 

carbon cen- 

added tage 

as carbon 

green oxi- 

As C I manure dized 

in mg. 


Total amount of 
COo given oft’ 
in mg. 


each successive day 


15*73 

6*82 

5*39 

4*40 

3*63 

3*85 

4*84 



295*57 

i 

80-8 

204*4 

39*60 

7*70 

7-92 

11*88 

6*88 

3*74 

3-08 

.. 



. . 367*62 

100*2 

313*6 

31*96 










482*68 

131*6 

557*5 

23-60 

41*80 

28*16 

27*28 

35-42 

39*38 

36*96 

18*70 

11*22 

11*44 

.. 617*32 

168*4 

793*0 

21*24 

24*86 

14*96 

12*10 

11*44 

10-12 

12'76 

10^34 

6-82 

8*14 

. . 671-44 

183-1 

673*0 

* 27*20 

31*90 

22*66 

22*00 

19*80 

18-92 

21*56 

12*54 

7-92 

8*58 

. . 469-92 

128-2 

806*5 

15*90 

66*88 

48*18 

41*58 

32*56 

29-48 

34*76 

27*94 

22-88 

25*96 

15-18 1093-181 298-1 

i 

1479*0 

20*16 


A DISEASED CONDITION OF RICE. 


BY 


F. J. F. SHAW, D.Sc., A.E.C.S., F.L.S., 

Second Imperial Mycologist. 

A RECENT publication! from tbe United States describes a 
diseased condition of irrigated rice which resembles that which has 
sometimes been observed in India in specimens submitted for 
mycological examination. The disease is named “ straighthead ” of 
rice and IS stated to be one of the most destructive diseases of 
irrigated rice m the southern part of the United States. The chief 
symptom, from which the name is derived, is that the riceheads, or 
panicles, are nearly sterile and remain erect when mature. In severe 
cases plants even fail to head. _A11 parts of the plants, however, may 
^ e leaves are said to be greener and somewhat stifier 
than normal, and diseased plants remain green long after normal 
plants are nature and dead. There is an abimdance of large roots, 
but few small roots and root hairs are developed. 

The disease is said to he caused by certain unfavourable soil 
oonditlous, aU attempts to find a parasitic organism having failed. 
The unfavourable condition of the soil is attributed to decaying 
organic mtter which produces a condition that aUows an excess 
of water .o be taken into the soil. The air is thus pressed out of the 
SOI and, m the resulting lack of aeration, the root system fails to 
develop normally disturbing the nutrition of the plant and causing 

and straighthead is the result. Straighthead is therefore attributed 


^ Straighthead of Rice and its Control U Si j a • -n 

v^onuroi. A. De,pt Agn. Farmers^ Bull 121% 

( 152 ) 
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to lack of aeration in the soil and is said to be prevented by a proper 
system of irrigation and drainage, recommendations whicb have 
recently been advanced as a cure for “ wilt ” of indigo in Bihar. 

The explanation of straighthead which is advanced in the paper 
under review is a purely physical one. If we admit that lack of soil 
aeration is the cause of straighthead, it is by no means improbable 
that the deficit of oxygen is due to more complex causes than are 
suggested. The presence of decaying organic matter would at least 
suggest that bacterial activity may result in the production of toxins, 
and that the benefits of aeration are due rather to the oxidation 
of these toxins than to the direct supply of oxygen to the plant. 
In paddy growing in swamp soils it has been shown that the 
action of an algal growth on the surface, combined with a slow 
downward percolation of water, results ultimately in an increase of 
root aeration. The downward percolation of water is a necessary 
condition for the health of the crop. The fact that in some 
parts of India large quantities of green leaf are puddled into 
the soil is in contradiction to the view that decaying organic matter 
produces a soil condition injurious to paddy. However, it cannot 
be denied that a condition of paddy similar to that described as 
straighthead is by no means scarce in India. 

In India a considerable proportion of the specimens showing 
this condition come from the districts of Raipur and Bilaspur in the 
Central Provinces. A small percentage of these specimens are 
parasitized by Solerotium Oryzce Catt. but in the remainder no 
causal organism has been found. In other cases, from the Punjab, 
Burma and Assam, paddy showing these symptoms has been found 
infected with a fungal parasite, probably a species of Ceplialosporiuwi,. 
The part which this fungus may play in causing paddy disease is at 
present obscure but, allowing for a proportion of damage due to 
these parasites, there remains in specimens from the above areas and 
from Bihar and Orissa and Kashmir a considerable amount of disease 
for which at present a satisfactory explanation, on a parasitic basis, 
is lacking. 

In Italy the disease known as “ brusone ” has been attributed 
to the attack of Pirieularia Oryzce. This fungus is occasionally the 
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cause of serious damage to paddy in certain areas in Madras, and is 
also lorown in Japan, and is doubtless responsible for a proportion 
of the damage known as “ brusone.” The symptoms of “ brusone ” 
are a reddening of the plant, feeble development of tbe fine root 
system and lack of grain, tbe last two cbaracters agreeing with 
the cMef symptoms of straigbthead. Brizi in a series of water 
cultures showed that a diseased condition of paddy could be produced 
by want of aeration, the condition of the roots in the non-aerated 
cultures resembhng that of the roots of plants suffering from 
“ brusone.” Further experiments showed that the addition of an 
alga to non-aerated water cultures, in which the liquid contained a 
little CO, in solution, enabled the plants to produce a healthy 
growth. Brizi concluded that the algal film present on the surface 
of paddy fields must consume much of the CO2 given off by the 
roots and largely increase the quantity of dissolved oxygen in the 
water. He states that “ brusone ” is generally worse in compact 
impermeable soils and especially in the presence of excess of organic 
manures which in their putrefaction lead to intense reduction. 

The important fact which emerges from these experiments by 
Brizi is that a diseased condition of paddy has been shown 
to be dependent upon a deficiency in the supply of oxygen to the 
roots. This however can scarcely be accepted as an explanation of 
brusone as not all impermeable soils produce this condition and 
the disease is also known to occur on percolating soils. More 
extensive knowledge of the biochemical processes involved in the 
activity of the micro-organisms of soils is required before we can 
postulate any general cause for this group of diseases. 



IMPRESSIONS OF THE INTERNATIONAL 
POTATO CONFERENCE, LONDON, 
NOVEMBER 1921. 


W. BURNS, D.Sc., 

Economic Botanist to the Government of Bombay. 

The First International Conference dealing %ntli the potato, 
ultnre, breeding, coinnierce and diseases was held in London on 
ember 16, 17 and 18, 1921. This conference owed its being to 
Royal Horticultural Society, acting in conjunction with the 
Lstry of Agriculture. The meetings proper of the conference 
i held in the lecture room of the Royal Horticultural Society s 
ding in Vincent Square, that Mecca of British horticulturists, 
ill account of the conference will appear in the publications o 
Society shortly, and it is understood that the papers read wiU 
be printed in full. It is not the purpose of the writer to go 
. exhaustive detail regarding either papers or discussions, but 
ely to mention various points which struck him personally. 

A limited number of galley proofs of papers were available at 
beginning of each meeting. The readers of papers did their 
1 to be brief, often omitting considerable passages (which were 
curse in type) , but even with this abbreviation one felt that one 
lid have liked more time for discussion. Such opportunities 
the exchange of views between workers in different countries 
so rare. One would have liked, too, some additional time for 

informal exchange of views. 

Experience of this and other conferences forces one to the 
Lclusion that all papers should be circulated to members at least a 

( 165 ) 
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week before the meetings and that the whole time of meetings should 
be devoted to discussion led off by some chosen speakers. 

In the discussions there revealed itself the old antagonism 
between the practical man and the scientist. This was good natured 
certainly, but unmistakable. 

The farmer who grows potatoes for profit and the firms or 
individuals who produce new strains for commercial purposes are 
fairly well satisfied with themselves and not fully convinced of the 
necessity of more science. The attitude is perfectly just, since if 
the scientific man is not indispensable he is not wanted at all. In 
the combating of diseases the help of the scientist is, one thinks, 
always welcome, if he can give some real remedy or show that he is 
on the way to a remedy. In the realm of breeding, so far as the. 
potato IS concerned, the commercial grower has certainly done 
wonders, and the scientific student of the genetics of potatoes is 
only a little way on the road yet. In this matter as in others, and 
In all countries, it seems to the writer that the scientific man has to 
make known even yet what the method of science is in order that he 
may convince the pubUc who pay him that with this method 
results are certain and that when the results are obtained progress 
even in the directions in which practical men have done most is 
bound to be both more rapid and more secure. 

The help which the scientific man can give was well iUustrated 
in the discussion on bud variation of potatoes. There has been 
considerable discussion of this point in gardening papers recently 
with a good deal of argument both for and against. This discussion 
was renewed at the meetings of the conference. By bud variation 
in the potato has been so far meant bud variation in tubers, i.e., 
the production of aberrant tubers. Now there is no priori reason 
why this should not occur but satisfactory. 

There is no reason why the practical man should not use the 
scientific method. His results would be no less good and his explana- 
tions of them would be not only sounder but such as would lead 
imself and others further along the line of powers over nature. 

Much of the mterest of the meeting was centred on wart disease. 
This has not yet been found in India, and the statement of the 
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Indian delegation to this effect elicited the fact that wart disease is 
also unknown in France although it has been open to infection from 
potatoes imported from Britain and from the crops grown by the 
Germans during their occupation. No Italian delegate being 
present, it was impossible to learn directly whether Italy, the source 
of most of the Indian seed potatoes, was, like France, also free from 
wart. There is something here rather mysterious. 

The discussion brought out clearly the fact that the causes of 
immunity to wart are not known. One pathologist put forward 
the theory that immunity might not be permanent and might break 
down. In this direction there is certainly room for much funda- 
mental research. The potato blight due to PhyfopJithora infestam 
(which does not trouble the potato crop in the plains of India) was 
the subject of some discussion. The oospores of this fungus have 
now been found and they or the perennating mycelium or both 
may be responsible for the passing on of the disease from one season 
to another. 

The experiments on the inheritance of wart disease described 
are too immature yet to permit of any definite opinion, but the 
extraordinary fact was put before the meeting that both immune 
and susceptible varieties produce a progeny in which some seedlings 
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in the tropics are undoubtedly special there was not so ranch discus- 
sion on the tropical aspects of the various questions. 

This is not to be taken as meaning that the Indian point of \dew 
did not receive attention. Throughout the conference the Indian 
delegation were heard with interest, and in the first meeting the 
writer was specially called on to explain the Indian situation. 

The commercial uses of the potato were dealt within a com- 
prehensive paper. Out of this paper and the discussion following it 
appeared that in Britain the production of potato farina has been a 
failure, while on the Continent, and particularly in Holland, it has 
been successful. -Japanese competition, however, was now tending 
to interfere with the Dutch industry. One wishes that one could 
have heard someone who had actually been in the business. 

The question of degeneration of varieties received considerable 
attention. The opinion was expressed by a representative of the 
breeding industry that it did not matter if a variety lasted only 20 
years or so, as there would be many new varieties in the market by 
that time to take its place. Several scientists gave evidence that 
degeneration is a result of disease infection. The matter is another 
of the questions on which we cannot be said to have reached finality. 

In conclusion, one may hope that this will not be the last of 
these conferences. The meeting of scientists and practical men of 
various countries is most valuable. The only thing necessary is 
that they should meet as much as possible during the time of the 
conference. 



CONDITIONS INFLUENCING THE DISTRIBUTION 
OF GRAIN SMUT {SPHACELOTHECA SOEGHI) 

OF JOWAR (;SOS(?FUM) IN INDIA.* 


G. S. KULKAENI, M.Ag., 

Assistant Professor of Mycology, Agricultural College, Poona. 


Gountriss wliGre tli6 crop is cultivaitod. It is also tlio most destiuctive 
disease in this country causing enormous losses, especially in 
Bombay, Madras, Central Provinces and Burma. It is, however, very 
scarce, at any rate not so abundant, in the Indo-Gangetic plains 
comprising the provinces of Sind, the Punjab, the United Provinces 
and Bihar, though it is met with in the submontane parts of the 
United Provinces and the Punjab. In a previous publication, ^ on 
the evidence obtained from the germination study of the spores 
of this fungus, it was suggested that temperaiure had an important 
bearing on the occurrence of the disease. The results of the 
potculture experiments carried out since then have given ample 
proofs of this fact and they have been confirmed by field trials. 
The account given below contains the details. 

In order to follow these experiments a short account of the 
results of the previous work^ will be necessary and therefore has 
been quoted. 


* Paper read at the Eighth Indian Science Congress, Caieutte, 1921. 

1 Kulkarni, G. S. Smuts of Jowar {Sorghum) in the Bombay Presidency. 
ImL Bulk 78, p. 13. 

^ Ihidf pp* 12 and 13. 
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“ In the case of grain infection occurs with seed-borne 
spores. The germ-tube of the spore or of the sporidium comes 
in contact with the young cells of the seedling. Entry is 
efiected by the hyphae growing through the epidermal cells of the 
primary shoot below the soil level, and the susceptibility is limited 
to the period of about 2 to 6 days between the moment of 
germination and the emergence of the first green leaf from its 
colourless sheath. This period varies somewhat according to 
temperature.” 

“At low temperatures gowar will germinate very slowly. Its 
rate of germination increases as the temperature rises and is at its 
optimum at 36°C. to 40T. Thus at 16°C. it takes from 4to 6 days 
for the first leaf to appear. At 20° to 23 °C. it requires 3 to 4 days, at 
30 °C. 2 to 3 days, and at 37 °G. Ij to 2 days; The spores of the 
grain-smut germinate quite easily at moderate temperatures. 
The optimum temperature is 20° to 23°C., below or above which 
the rate of germination falls. At 16°C. about 70 per cent, of 
the spores germinate, at 20° to 23 °C. about 90 per cent,,* at 
30°C. about 60 per cent, and at 37°C. only 1 to 2 per cent., while 
at 40°C. nil. If the temperature of germination be compared 
for the spores and the jbwar seeds, it is found that infection is 
most likely to succeed at moderate temperatures, say, between- 
16 C. and 30°C., at which the spores germinate very freely, while 
the growth of the jowar seedling is retarded so that the susceptible 
stage is prolonged.” 

UsuaUy gowar is sown in India in June- July, when the average 
temperature of the places where jowar is cultivated, viz., in Bombay, 
Madras, Central Provinces and Burma, is between 21° and 30°C. 
This temperature being most favourable for the spores to germinate, 
jowar grows up rather slowly and consequently the susceptible 
stage is prolonged and infection is more certain. In the Indo- 
Gangetic plain, however, where the average temperature for these 
months is between 30° and 40°C., which is too Hgh for the spores to 
germinate but more favourable for the rapid growth of jowar 
sfeedHnga, the susceptible stage is passed over soon, and therefore 
infection is very little. 
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In order to test tHs assumption, pot experiments were done 
in tlie Mycological Laboratory of the Agricultural College, Poona. 
A small quantity oi jowar seed was taken and was infected with 
the fresh spores of the grain smut. 

Infection was done by sprinkling the spores on the grain. 
The seed was then sown into two pots. One pot was incubated 
at 40°C. for three days, and the other at 25°C. which was the room 
temperature of the laboratory. On the fourth day the pots were 
taken out and the seedlings were transplanted in big pots, and were 
kept under observation till the plants flowered. The results were 
as under 


No. of smutted 
' plants 


Senal No. 


At tile time oi germination incubated 
at 40 °C. for three days, afterwards 
transplanted into four pots. 


At” the time of germination mcu Dated at 
the room temperature of the laboratory, 
viz., 25 °C., and then transplanted into 
four pots on^the fourth day. 


4 



Place 


* Writer’s thanks axe due to Br. Butler, Imperial Mycologist, Pusa, and to the Farm 
Superintendents of Larkhana and Jacobabad for having carried out the field experiments. 
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Smut appeared on the Pnsa and Larkhana plots in 1918 owing 
to the exceptionally low temperatures that prevailed at sowing 
time. The degree of attack was, however, much less as compared 
with that of the control plot where it was 32 per cent. The results 
of 1920 at Jacobabad are, however, quite definite. Smut attack 
was nil owing to the high temperature at sowing time, while it was 
considerable in the control plot (65 per cent.) 

These experiments, therefore, both in pot and field, go to 
show that temperature is the controlling factor in the distribution oi 
the grain smut in India. 


Field EXPERIMENTS. 

These experiments were carried out at Pusa * in Bihar, and at 
the Government farms at Larkhana and Jacobabad in Sind, with 
the follo'wing results. 


Treatment of 
seed 


Average temperature 
at the sowing time 


Percentage of 
attack 


Experiments in 1918. 


Jacobabad plot 


Seed was mixed 
with spores 
before sowing 


Poona College Farm plot (Control) Bo. 


36® to 40®a from 11th 
to 14th July, 1920. 


25®C. from 19th to 21st 
June, 1920. 


Experiments in 1920. 


Pusa plot 


Seed was mixed 27® to 32 ®C. from 26th 
with spores to 30th June, 1918. 
before sowing 


Larkhana plot 


26® to 34 ®C. from 22nd 
to 26th July, 1918. 


Poona College Farm plot Bo. 

(Control). 





THE PROBLEM OF THE WITCHWEED 


H. H. W. PEARSON, Sc.D., F.L.S 


General. 

The witchweed iStriga lutea, Lour. ), also known in various 
districts as the redweed, rooibloeni, rooibosckje, mealie-gift, isona, 
molvane, etc., is a root parasite belon^g to tbefamil}’’ Scropbula- 
riacese, which includes many other species living in the same mamier. 
These are all flowering plants whose roots become intimately attached 
to those of other plants, from which they derive some or all of the 
food material which they require. The loss of material which is 
thus sufiered by the plant attacked (the “ host ” plant) causes it 
permanent injury ; its growth and development are impeded, and 
frequently it dies before reaching the seed-bearing stage. 

These root parasites are very numerous and are found in a 
the habitable parts of the world. In a state of nature, growing 
wild nlants native in the same locaHty, they are not as a 


DepL Agri, Union of South Africa Bvlh 40 . 
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ever before ; and if tbe crop is cultivated over a wide area it may 
quickly spread over a whole country. Consequently it is not sur- 
prising that, with the rapid extension of agriculture during recent 
years, parasites of various kinds and root parasites in particular, 
formerly xmknown, have many of them become of great economic 
importance. In South Africa there are perhaps 150 species of root 
parasites growing wild upon the native vegetation in various parts 
of the country. So far only one of them, the witchweed, has become 
well known as a parasite upon cultivated field crops. At least two 
others, however, occur occasionally, and there are others which may 
at any time force themselves upon the attention of the farmers of 
the coimtry. 

The witchweed is probably a true native of South Africa. 
It occurs quite commonly in uncultivated land as a parasite upon 
various native grasses in Zululand and Natal and, occasionally, in 
the Transvaal. It is, however, probable that originally it was 
confined to the south-eastern coast belt and has spread inland with 
the extension of maize cultivation. It occurs also abundantly in 
Tropical Africa, Egypt, Madagascar, Arabia, Ceylon, Bengal, 
Punjab, Sind, Deccan, Siam, Java, and China. Outside Africa it 
apparently does not inflict serious injury upon any field crop, though 
in India it is said to be of common occurrence in the rice-fields. 

The root parasites may be divided into three classes, according 
to the extent of their parasitism and of the injury which they inflict 
upon their hosts. Very many of them— -the least harmful— are green 
plants, with small but green leaves which take little more than water 
from their hosts ; such, for example, is the common English wayside 
weed popularly known as the “ eyebright.” Others are at finst 
subterranean, subsisting ehtirely at the expense of the host plant 
for a few weeks, months, or years ; at length the stem appears above 
the ground, develops green leaves, produces flowers and seed, and 
then dies. To this class the witchweed belongs ; for a period varying 
from six weeks to three months its sickly white stems are not seen 
above the ground ; their growth is supported entirely by the host 
plant. It is during this first part of its life that the greatest harm 
is suffered by the maize, There is a third class whose members never 
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become green at all ; tbese are fed entirely by the host plants, and 
they are therefore more injurious than either of the two preceding 
classes. An example of these is the broomrape {Orobanche), which 
within recent years has done great damage to hemp, tobacco, and 
other crops in the southern United States and elsewhere. 

The witch weed is now very widely distributed throughout 
the maize-growing districts in South Africa. As a parasite on the 
maize it is reported to occur in the following localities : 


New Haaover, 

Nkandlila. 

Paulpietersber; 

Richmoud. 

Umgeni. 

Umlazi. 

UmYoti. 

Utrecht. 

Vryheid. 

Weeaeiii 


Ipolela 

Ixopo. 

Klip River. 

Lions Ri ver. 

Lower Tugela. 

Lower Umzimkalu. 

Mahlabatini. 

Mtanzini. 

Ndwandwe. 

Newcastle. 


Alexandra*- 

AIM. 

Bergville. 

Oamperdown. 

Duadea 

Entoajaneni. 

Eshowe. 

Estcoiirt. 

Helx)iaakaar. 

EQabisa. 

Inanda. 


Transvaal. 


Secocoeni. 

Selous River. 
Springbok Elats. 
Steel poorti 
Steeiikoolsprait. 
Swarfcruggcns. 
Upper Schoonspniit, 
Waterval. 

White River. 
Witwatersberg. 
Witwatersrand. 
Woodbush. 


Klip River (2). 
Krngersdorp. 
Lake Chrissie. 
Mapoch, 
Nylstroom. 
Ohrig?tad. 
Olifants River, 
Palala, 

Piet Ketief. 
Potgieter. 
Roodekoppen. 
Saltpan. 


Aapies River. 

Amsterdam. 

Barberton. 

Bethal 

Bronkhorstspruit, 

Carolina. 

Elands River: 
Gatsrand. 

Groot ]\Iarico. 
Hex River. 
Highveld (2). 
Klein Spelonken. 


Orctnge Ffee State. 

Ventersburg. 

Cape Province. 

Port Beaufort. 

Y wide distribution in 
ng districts in whicl 
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known to have or occurs so sparingly that it attracts no 

attention. This is particularly ‘the case on the high veld and in the 
Cape Province* Among the natural checks to its spreading, 
differences of temperature and of soil are probably paramount. 
The critical temperatures for the germination of the seed are not at 
present determined ;it is hoped that definite information regarding 
this question will be obtained shortly. The question of the effects of 

soil differences wdll be referred to later. 

In addition to the maize, it also finds favourable host plants in 
the sugarcane and the kaffir corn. At Potchefstroom it grows on 
the fodder-grass Paspalum dilatatum, and in one single instance it 
was found to have established itself upon the monkey-nut. These 
host plants and the native grasses on which it occurs so abundantly 
in the wild and semi-Avild states are, however, none of them so 
favourable for its growth as the maize. It will be noted that it shows 
a marked preference for members of the grass family, and that it has 
become established upon at least one fodder-grass {Paspalum) of 
recent introduction into South Africa. Therefore, quite indepen- 
dently of its effects upon the maize, this parasite is deserving of 
careful attention. Any new fodder-grass may furnish a host as 
favourable to the demands of the witchweed as the maize itself. 
The parasitism of the witchweed upon the maize has become very 
serious, because for at least thirty years no serious attempt has 
been made to deal with it, and it has been allowed to spread over 
the country almost unnoticed. If the matter had been taken in 
hand some years ago, the difficulty of dealing with it would have 
been very much less than it is now. If, therefore, it shows any 
sign of growing luxuriantly upon a new crop, energetic measures for 
effecting its eradication should be adopted without delay. 

The general appearance of the Mtchweed will be familiar 
to most growers of maize. * * ^ ^ 

^ ^ ^ * 

^ 

. . ' During tlie first few weeks of its 

existence it does not come above ground at all. Its stems and 

* No information regarding the native territories is available. 
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eaves have no green colour ; they are living entirely at the 
of the maize plant, causing a very serious drain upon its 
3. If the maize plant is infected in the seedling stage, this 
mes at a time when it is least able to meet it ; it is still a 
he food it can get for the purposes of its 
combination of circumstances 
of harm to the maize, wz., a 
, the host plant for its food ; a 
establish itself, having no reserves from 
and therefore compelled to satisfy 
growth and development. Conse- 
above the ground 


young plant neeoing au wic 
own growth. Therefore we have a 
calculated to cause the maximum 
hungry parasite rel3dng entirely upon 

host plant hastening to 

which to meet these demands, 
them at the expense of its own 
quently by the time that the witchweed appears 

the damage is done. 

Botanical investigation. 

The way in wMcIl the witchweed attaches itself to the meaUe 
root was described by Mr. PnUer.x A anmber of branchy from tto 

lower part of the plant spread ont in the soiland produce be^shaped 

out-growths (haustoila), which fit closely on the surface of the toot. 

From the mouth of the “ bell ” there arise out-growths whch pierce 

the tissues of the maize nearly to the centre of the mot and absorb 

its inices. The detailed structure of the haustorlum and o e 

coniectiou which it establishes with the tissues of the meahe root 

have been studied by Miss Stephens.* These structures' resemble m 

all essentials those of the haustoria of many other root parasites 

It is however, necessary to refer to them here m order to make 

clear that when once the connection is established not mg can 

be do^ to save the plant that is attacked. The disturbance cansri 

L ae soil by the ordinary methods of cultivation undoubtedly 

+ ilof Vi-v brpaldus some of tbese coimectious, but 
gives momentary rebel by breamug s ^ i wVph 

when the nndergionnd top ofa young 

oS. the lower part branches more profusely, and, In the md. th 
number of conneetions established n ay even be greater than it was 

_ Er^tomologUt, NM, 1899-1900, pp. 20-22, 



before. It is hardly necessary to point out that the damage to the 
maize bears a rough proportion to the number of connections ; two 
equal holes in the bottom of a water-tank will empty it more rapidly 


_ then, we can do little or nothing for the host plant whenit 

is attacked, we must consider whether it is possible to prevent the 
a tack. .Lo this end it is necessary to investigate the whole 
llfe-hlstory of the parasite, particularly that part of it which 
immediately precedes infection. 



_ vvco uiear ai. i;ne Deginmng of this Investigation that the 

maize became infected through the seed of the vdtchweed, but it 
was not certain that this was the only method of infection. This 
doubt has now been settled. The witchweed plant dies when it 

has set its seed, or when the maize plant on which it is Uving dies 

It IS a true parasite and has not the power to become a saprophyte’ 
Like the maize, therefore, it is an annual*, and at the end of the 
season leaves n^hing except the seed with which to start the next 

Wn f an annual in the wild state is not 

known. If not, then it has become one in adapting itself to Hve 
as a seim-parasite upon an annual host. This simplifies the 
problem to some extent, for it enables us to concentrate our 
attention 031 the seed. 

The first pointa then to be investigated are the distaibution and 
germinatoon of the mtciweed seed and the conditions which control 
em. Some of the characters of the seed have already been 
mentioned. It m very smaU and light (Kg. i) ; ft i pr„a„,ed in 
enormous nnmW Its dark coloured coat is rough and sculptured 

bi !lit give a clue to the meam 

.nreol few years, the witchweed has 

spread over so large an area. In the districts in which maize 

TO m practised on a large scale, the rains faU in the sunZ 

fcolro? th peat clouds of dust in 

iront of them, occur durms the winW n . • c 


postscript, 
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a field whose soil contains witchweed seed, it is quite impossible 
that it shotdd not carry some of the seed with it, for the seed is 
smaller, and bulk for bulk lighter, than many of the mineral 
particles of the dust. A gentle rain washes the seed into the 
ground ; if the rain is so heavy as to cause a surface wash, seed 
will be carried ofi by the flowing water ; this is, no doubt, the 


Pig. 1. . 

B Maize-root on which a witchweed seedling has established itself 
coat ; H, Primary haustorium. 


explanation of tlie fact tliat tlic lower part of a field is freejuent y 
more thoroughly infected than parts which are at higher 
elevations. This is probably by far the most important method of 
seed distribution. If the maize seed were small and not easily 
separable from that of the witchweed, the question of distribution 
would be more complicated. A little seed is probably carried now 
and again with the maize from infected land, but this method of 
distribution can rarely be of great importance in comparison with 
that by the wind. 

If, then, we can either prevent the witchweed from setting 
seed or destroy the seed before it germinates or kill the young 
witchweed seedling before it becomes attached to the maize root, the 
problem is solved. These alternatives may be considered separately. 
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' this by the ordinary methods of cultivation. It is only a question of 
labour supply and expense. This was pointed out hj Mr. Fuller 
more than ten years agoi. It should certainly be adopted in all 
cases in which the infection is small. It has already been said that 
this treatment will not save that part of the crop which is attacked, 
but it will prevent the further infection of the land in following years' 
Where the crop is badly infected, it should be ploughed in before the 
witchweed flowers. 

A few years ago it was attempted to obtain the same result by 
spraying nhe witchweed plants with a solution of copper sulphate. 
These experiments were successful to a certain extent, but no 
development of this method is likely to be efiective in dealing with 
the problem as a whole. If the maize plant is not well estabhshed, 
It will be injured as well as the witchweed. Although the aerial 
stems of the parasite may be destroyed, those which are still 
subterranean will hardly be afiected, and in order to prevent the 
formation of seed the treatment must be repeated at intervals ; if 
the infection is abundant, the maize plant will be ruined as a crop 
before the witchweed comes above the ground. Therefore the risk 
to the maize plant and the expense of the treatment, if it is to be 
made really eflective, are so great that it would probably be cheaper, 
and certainly better, to resort to the ordinary methods of cultivation’ 
Most of the root parasites of the same group as the witchweed 
are sun-loving plants.3 There can be no doubt that the witchweed 
has the same character. ^ Its production of flowers, and therefore of 
seed, would certainly be interfered with to a greater or less extent by 
the conditions of dense shade. Unfortunately the' heavy infection 
of a maize crop brings in its train the reduction of shade, and 
therefore improves the conditions for free flowering and seeding. 
On the other hand, it is very probable that it is to some extent kept 
in cheek in the cane-fields of Xatal by the dense growth of the 
sugarcane, which is sufficie nt to prevent direct sunlight from 

190m Ketemaritzburg, 

July 1909. Weir, C. W. AgricuUural 

» H«iMcher. Die Mi KuU^r dir ParasUkohen Samenpfianzen. Jena, 1010. 
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reaching small weeds growing amongst it. At the same time there 
is every reason to helieve that other and more important factors 
are concerned here, and it is likely that one of these is that the 
difierence between the concentration of the cell sap of the sugar- 
cane and the witchweed is less than between the maize and the 
witchweed.^ 

The next point to be considered is the possibihty of rendering 
the Avitchweed seed harmless after it has reached the soil. The 
small size, great numbers, and hard resistant coat of the seed make 
it difficult to kill. One condition Avhich it cannot withstand is that 
of high temperature. In certain stages of its development it is not 
injured by being imtnersed in water at a temperatme of 80°C. for 
fifteen seconds (Experiment 57). But it cannot resist temperatures 
considerably above that of boiling water. It has already been 
pointed out^ that the burning of rubbish on the field after harvest 
will certainly kill the seed on the near surface of the soil. It will 
probably, be only occasionally possible to put this into practice, 
but where it is possible it cannot fail to act beneficially on badly 
infected land by reducing the amount of li\dng seed in the soil. It is 
further not improbable that there may be other methods, both more 
efiective and more easily applied, of killing the seed in the soil. 
These are at present under investigation. 

But even if the seed cannot be killed there are still other ways of 
rendering it harmless. One of these is to cease planting maize, for 
the present, on land known to be badly infected. Apart from the 
question of the conditions controlliirg the germination of the seed, 
Avhich will be considered later, it is well known that up to the present 
the witchweed has not succeeded in establishing itself on a number 
of South African crops. In fact, as Mr. Fuller and others have 
urged before, “ a rotation of crops is the correct treatment.”® Long 
before the Avhite occupation had extended to many areas on which 
maize is now grown, the Kaffirs were cultivating this crop year after 

^ MacDougall and Cannon. The OonAitione of Parasitism in Plants — Xenoparasiiism 
Wasliingtoii, 1910. 

“ Pearson, H. H. W. Agrioultural Journal, May 1912. 

3 Fuller, a L,c. . _ 
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year on the same ground until it became so thoroughly infected 
that its abandonment became necessary. A similar practice on 
a larger scale still prevails in very many districts. It is mainly to 
this fact that the present serious nature of the witchweed problem is 
due. For his own sake, as well as for that of his neighbours, a farmer 
who cannot command the means to cope successfully with a heavy 
crop of witchweed should use the badly infected parts of his farm for 
crops which are not attacked. Such crops are monkey-nuts, sweet 
potatoes, tefi grass*, potatoes, velvet beans, kaflSr comf, lucerne, 
sunflowers, pumpkins, etc. The principle of the rotation of crops is 
now well established in intensive agriculture, and there is no need to 
discuss it here. It is only necessary to point out that it constitutes 
what will in nearly all cases be an easily applicable means of keeping 
the witchweed seed dormant, and therefore for the time being 
harmless. 

There is still another possibility of putting the seed out of 
harm’s way in certain cases, particularly in that of land recently 
infected. As a temporary measure it must be more or less efiective ; 
there is, however, no sufficient reason to hope that, in general, it 
can be of permanent benefit. The maize, as every one knows, is a 
shallow-rooting plant. If the land is ploughed as deeply as possible, 
the seed which hes near the surface will be buried so deeply that the 
maize will be well established before its roots penetrate far enough 
to be seriously infected. This in itself is an important gain, for early 
infection is much more harmful than that which occurs later. Also, 
when the witchweed seed gesrminates at some depth below the 
surface, particularly when germination does not occur until the 
maize is well grown, there is a considerable probability that the 
witchweed plant will not have .time to reach the surface, and still 
more that it wiU not be able to flower and set seed. And further, it 
is probable that the conditions near the surface of the soil are more 
favourable for germination than those prevailing at a greater depth. 
If, then, the soil at the surface does not become reinfected by 

* Reported to be immune. 

t This plant is attached, but usually the infection is so small that the witchweed is easily 
dealt with by culluvation. 
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wind-carried seed, deep plougMng sjiould be beneficial until tbe land 
is deeply ploughed for the second time. The seeds of other root 
parasites whose life-histories have been investigated are known to 
remain alive for many years in the soil if no opportunity for 
germination presents^ itself ; there is a good deal of indirect evidence 
that the seeds of the witchweed possess the same property, and, 
a 'priori, it would be most surprising if they did not. It is therefore 
probable that at least some of the seeds buried by deep ploughing, 
if brought to the surface again within the following ten or fifteen 
years, will be still alive and able to infect a mealie crop as well as 
if they had never been buried. And in any case if, after ploughing, 
the surface, becomes reinfected by wind-blown seed, we are no 
better off than before. 

Germination of the seed. 

We now come to the consideration of the germination of the 
witchweed seed and of the events which occur between the beginning 
of germination and the first infection of the maize-root. These 
must be carefully studied before we can make any reasonably 
promising attempt to prevent the infection. 

Previous attempts to make the seeds germinate in cultivation 
had been unsuccessfuP. The nature of Mr. Fuller’s and other 
experiments is not described, but the fact that they were not success- 
ful made it probable that germination only occurs when the seed 
lies in the immediate vicinity of the root of a suitable host. While 
the seeds of many root parasites will germinate in the absence of a 
host®, there are a few (o.g-, Tozzia) which behave differently. It is 
clearly of the greatest economic importance that there should be no 
doubt upon this point. If the seeds of the witchweed will germinate 
in clean soil in the absence of a host, the ordinary agricultural 
process of fallowing should suffice to free the land of witchweed. 
If, however, germination only occurs as the result of the action of a 
stimulus owing its origin to the presence of a suitable host, then the 
problem is greatly complicated. 


^ Heiiiricher. L. c. De la Cronniiiation des Graiaes des Plantes Parasites. 
« EaUcr, C. L. c., p. 22, ® Heinrioher. L, e, 



Fig, 3. Diagram of section through a flowerpot. 

Maize seed ; Soil ; G, Mixture of sane 

witch^eed seed ; D, Layer of coarse muslin or s 
cotton ; Stones. * vx » 

The culture, arranged as shown in Fig. 3, is 
moist to ensure the germination of the maize and 
ranging from about 15°C. at night to 25°-30° C. 
After 10-12 days, the pot is inverted and its coni 
out. On removing the musUn (D) and the soil B 
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During some months, therefore, various methods of germinating 
the seed away from a living host were tried ; all were unsuccessful. 
The seed was sown in water (drop-cultures), on damp moss, on porous 
pottery, on soil (including pure sand), and on gelatine. Wlien no 
germination was obtained, it seemed possible that the addition of 
the expressed Juice of the maize-root might give a different result. 
The experiments were therefore repeated, the maize juices being 
added to each of the substrata used before. Again no satisfactory 
result was obtained, the seeds sown on gelatine swelled and in a few 
the seed-coat cracked, but no root appeared. These methods were 
then abandoned, and for the time at least the conclusion was adopted 
that the seed only germinated in the presence of the host. This 
conclusion was considerably strengthened by the discovery that 
wdchweed seeds of the same gathering as those used before ger- 
minated freely in the presence of a living maize-root. This is easily 
demonstrated in the following manner : — 



THE PROBLEM OF THE WITCHWEED 


175 


above it, tlie witcbweed seed is exposed for exaniination. If tlie 
maize-root bas grown into or tbrougb the layer 0 and other 
conditions have been favourable, young seedlings of the mtchweed 
will be found. 

The following conditions are necessary for germination ; — 

1. Temperiiture. Beyond the statement just made there is 
at present no precise information. The optimum temperature 
probably lies between 25“C. and 30°C. 

2. Soil. That the nature of the soil is of great importance 
there can be no doubt. For example, on Springbok Flats contiguous 
areas of black turf and red loam soils bear very differeid crops of 
witcbweed, though they must both contain abundant seed. Here 
we meet again with the old difficulty of the relative importance of 
the physical, chemical, and biological characters of the soil. The 
study of the agricultural soils in South Africa is not yet advanced 
beyond its initial stages, and the evidence required for a discussion 
of this difficult question is not available. The following analyses are , 
however, instructive : — 

No. 1. Gomparative analyses^ of three soils from Springhoh Flats, 

viz . — 

Ai, Aa. “ Black turf ” (in which the witcbweed germinates 
sparingly). 

B. Eeddish loam (in which the witcbweed germinates profusely) . 




A 

1737 

Per cent. 

A.> 

1738 

For cent. 

B 

1739 

Per cent. 

Stones . . ••• 

OOMPOSITIOH OF AIE-DEY FINE EARTH — 

1-00 

0-00 

0*00 

Moisture , . . . 


5-96 

9*11 

9-45 

1 

o 

J 


6 01 

7*17 

7*37 

Insoluble matter 


70*89 

63*02 

62-49 

Iron oxide and alumina 

' ' • * . . P * 

15*05 

19*25 

19*55 

lime 


[ 1*49 

1*02 

0*75 

IVXagnesia . . 


0*17 

0*10 

0*12 

.Potash 


0*30 

* 0*45 

0*46 

Phospborie acid 


0*07 

0*07 

0*08 



100*94 

100*19 . 

100*27 

Nitrogen . . 


0*126 

0*133 

0*137 

Available potash 


0*0083 

0*0140 

0*0120 

Available phosphoric acid 


0*0143 

0*0059 

0*0050 


^Report of the Department of Agriculture, 31st May, 1910, to 31st Becember, 1911. 
Appendix XIX {Report of Division of Chemistry), p. 379. 
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For a second pair of analyses I am indebted to the courtesy of 
Mr. B. R. Sawer ( formerly Director of the Cedara Experimental 
Farm ) and of members of the scientific stafi of the station. 

Central Experiment Farm, 

Cedara, Natal, 
'ZAih, Fehruary, 1%\2. 

No. 2. Reports on samples of soils taken hy the Biologist from the 
farms Driefontein and Waterfall, near Cedara. 

I. Soil from upper portion of Driefontein farm, near Isaac 
Mldze’s kraal ; never known to have grown witchweed. Dark 
clayey loam, containing a fair amount of gravel of impure limonite. 

II. Soil from lower portion of Waterfall farm, near the railway 
line, from ground known to be badly infected with witchweed. 
Dark red loam, with only a small proportion of sandy matter, but 
fairly porous owing to excessive amount of iron oxide present. 


Results of analysis. 


I. 

11. 


Driefontein 

Waterfall 


Per cent. 

Per cent. 

Gravel .. . . 

0-9 

0*4 

Reaction to litmns 

Neutral 

Neutral 

Hygroscopic moisture 

8*36 

11*0 

Loss on ignition , . 

7*87 

10*91 

Total lime (CaO) . . 

0-24 

0*33 

Total potash 0) 

0*09 

0*12 

Total phosphoric oxide (P2O5) . . 

0*10 

0*12 

Chlorine 

0*009 

0*007 

Nitrogen .. 

0*18 

0*18 

Available potash .. 

0*011 

0*035 

Available phosphoric oxide 

0*002 

i 0*002 

Water capacity (capillary water) 

41*9 

42*0 


mm. 

mm. 

Capillarity — After 1 hour 

79 

92 

„ „ 12 hours .. 

231 

277 

„ » 24 „ .. 

299 

345 

j» ff 120 ,, . » . 

613 

548 


Mr. Sawer further states with .reference to these analyses : 
“ The soil from the Waterfall farm, which is badly infected with 
witchweed, is, however, in every respect a better arable type than 
that from the Driefontein farm,” 
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Many experiraents to test the germination of witchweed seeds 
in the two types of soil from Springbok Flats ( “black turf ’’ and 
“ reddish loam ”) have established the fact that the seeds germinate 
readily in the reddish loam and sparingly in the black turf. If 
this difference of behaviour is due to differences in chenucal composi- 
tion of the soil, we should expect them to be well marked. If the 
samples Aj and A 2 represent approximately the range of variation 
in the composition of the “ black turf, ” there is no such marked 
difference between this and the reddish loam. It is true that the 
latter is relatively poor in lime, but only to the extent of 0‘27-0‘74 
per cent. But at Koedoespoort a soil, not very different from the 
Springbok Flats reddish loam, produces an abrmdant crop of 
vdtchweed even after a generous dressing with hme. 

In the partial analyses of the two Cedara soils there is likewise 
disclosed no chemical difference which is at all likely to account for 
the absence of witchweed from No. 1 and its abundance in No. 2, 
On the other hand, nothing is known in this case as to the germina- 
tion of the seed in these two soils, and the difference may be due to 
other causes — such as, for example, some peculiarity in the situation 
of Driefontein which has so far protected it from becoming infected. 
It is therefore impossible to draw any conclusions as to the relations 
between the composition of these soils and the germination of 
witchweed seed. From the Springbok Flats results, however, we 
may probably conclude that the more ready germination of the 
seed in one soil than in another is not due, at least in the main, to 
differences of chemical composition. 

It is much more probable that differences in physical constitu- 
tion rank high among the determining factors. The soils from the 
Springbok Flats, called respectively “ black turf ” (Aj, Ag) and 
reddish loam (B), are physically very dissimilar. The former is of 
clayey consistency, adhesive when wet, hard when dry, and 
comparatively retentive of water. The red loam, on the other 
hand, is loose and porous, sandy when dry, and quickly “ dried 
out.” There is reason to believe that the germination of the 
witchweed seed is greatly favoured by the physical conditions 
characteristic of the latter. 
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3. Waier. Laboratory cultures have shown very clearly 
that the amount of water in the soil has a considerable influence 
upon the germination of the witchweed seed. Even in the reddish 
loam described above, germination may be entirely prevented by 
over-watering. So long as there is sufiicient water to keep the 



maize plant ahve, the drier the soil, the more profuse is the germina- 
tion of the parasite. This result affords an explanation of certain 
facts weU known to farmers. For example, in many districts it has 
een observed that the witchweed is much more abundant in dry 
than in wet seasons. Many farmers have found that a generous 
application of kraal manure tends to reduce the iufection-an effect 
no doubt partly, but probably not entirely, due to the increased 
power 0 reta ning water which is thus conferred upon the soil. 

# of tJie seed. Fresh seed {i.e. seed taken direct 

^ becomes ripe) will not usually 
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germinate even under tlie most favourable circumstances. In 
other words, the seed is not ripe when it falls to the ground. The 
ripening process is completed while it lies on or in the ground during 
the winter. Witchweed seeds collected near Pretoria and on the 
Springbok Flats in March 1911 were used in germination esperi- 
ments in the winter of 1911, but without success. A quantity of 
this seed mixed with sand was buried 3-4 inches below the soil at 
Koedoespoort, near Pretoria, on 11th July. It remained there until 
the last week in October, when it was dug up and sent to Capetown, 
where it arrived on 30th October. On the same day a sample of 
this seed was placed in the manner described, below soil in which 
four maize seeds were sown. On 12th December one of the four 
maize plants was taken up, and three witchweed seedlings were 
found attached to its roots. On 28th December a second maize 
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plant was found to be infected in more tban thirty places. The 
third plant died and the fourth was broken during a storm. 
Clearly, then, a three months’ exposure to the ordinary climatic 
conditions prevailing in winter and spring at Koedoespoort has 
produced such results that seed which was immature before the 
exposure has become mature. This behamour agrees with that 
shown by other root parasites of this class.i 


At the same time a very small proportion of a given sample 
of seeds will frequently germinate within a month or two of gathering 
if the other conditions are suitable. For example, a bundle of 
frmtmg plants of witchweed were received in Capetown on 14th 
March, 1912, from Mr. Scott, of Fort Yolland (Zululand). The seeds 
were separated, mixed with sand, and exposed in a greenhouse 
SIX weeks later they were used in the following experiment :~ 

Experbibnt 79. 

1912, 26th April.— Culture started as described on p. 174. 

912, 6th May — Numerous germinations found. 

The seed of the witchweed has another character in common 
mth that of other root parasites—a peculiarity which has the 
effect of adapting it in a remarkable manner to the conditions under 
which It lives, but which has not been satisfactorily explained. 
Even after a winter’s exposure to climatic influences all the seed in a 
given sample will not germinate even under the mo.t favourable 
conditions. The proportion that will germinate is considerably 
below 50 per cent. The larger part appears to be still immature and 
m 1 probably not be in a condition to germinate until the following or 
ater years. Owing therefore to this progressive maturation of the 
seed soil once infected is infected for a period of years. As to the 
length of this period thereis no precise information for the witchweed. 
here is, however, some evidence to show that it is at least as long as 
welve years. In other root-parasites the period seems to vary 
considerably. For example, in Tozzia and in Euphrasia the seed 
is stated to remain alive in the soil for many years ^ ; seeds of 


, * Heinrioher. L. e. 
* HeinrioheT. L. c. 
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resembles Tozzia, Euphrasia, Bartsia and Orobanche in the pro- 
gressive maturation of the seed~a fact which greatly increases the 
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Pig. 7. An older seedling. B, Primary haustorium. 

difficulty of eradicating it and emphasizes the necessity for using 
every possible means to prevent the shedding of the seed. 

’ We now come to the details of germination. The narrow 
end of the seed (the micropyle) marks the position at which the 
root young witchweed seedhng wiU emerge. The first obvious 

sign of the beginmng of germination is a slight swelling at this point. 

!,•+ ^ ^ cracking of the seed -coat, which exposes the 

White tip of the young root. The behaviour of this young root upon 

seed-coat is determined by the position in 
which the seed lies when it germinates. It has already been said 

a e presence of the maize-root is a controlling factor. Most of 

the seeds which germinate in a given culture will be those which He 
m contact with the maize-root or so near to it that they are touched 
y the root-hairs. Actual contact with either the bodv of the root 
or with Its root-hairs is, however, not always necessary. Occa- 
penally a seed lymg well beyond the range of the longest root-hairs 

illproducea seedling. In one ease (Experiment 81) a few germinat- 

ng see s were as much as 8 cm. and several others 2 cm. from the 
nearest maize-root. 
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This last result occasioned some doubt as to whether the 
conclusion previously arrived at (p. 174) that the udtchweed 
seed will only germinate in the presence of a host-root was correct. 
In order to test this the following e^^jeriments were carried out : — 


Experiments 112, 113, 114, 115. 

13th May, 1912. These four cultures were arranged in the 
manner already described, but no maize seed was planted in either 

112, 114, or 115. A maize seed was planted in the usual way in 

113. The results were as follows: — 

1912, 3rd June. — Culture 112. — Six witohweed seeds germinated. 

1912, 3rd June.—Culture 113.— Maize germination failed. No witehweed 
seeds germinated. 

1912, 3rd June.— Culture 114— No germination. Soil, etc., replaced 
and re-examined on 19t!i June, when still no seeds had 
.germinated, 

1912, 3rd June.— Culture 115.— No germination. 

As the supply of mature seed was small after June 1912, and 
was mostly required for other purposes, the results of Experiment 112 
have not yet been adequately tested. The conditions w'^ere repeated 
in Experiments 138 and 139, but uo germinations were obtained in 
the absence of a host plant. The details of 139 may be given 
here: — 

1912, 3rd June. — Culture started as described on p. 174, without a maize seed. 

1912, 4th July. — ^No witohweed seeds had germinated. Now added maize 
seed in usual way. 

1912, 23rd July. — Maize plant strong. No germination of witohweed seed. 
Removed maize plant and planted fresh maize seed. 

1912, 12th August.— A few young witohweed seedlings ; many seeds swollen or 

slightly cracked at mioropyle. 

1912, 26th August. — ^Numerous witohweed seedlings. 

While the peculiar result of experiment 112 is not yet explained, 
there is no doubt that germination of the witehweed in the absence 
of a suitable host-root, if it ever occurs under natural conditions, is 
rare. 

The root of the young seedling, on emer^ng from the seed- 
coat, grows directly towards the nearest maize-root, even ii it 
has to turn upwards in order to do so (Experiment 80). The 
directive influence exercised by the maize-root upon the first root of 
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tlie seedling is therefore sufficient to overcome the natural tendency 
of roots to grow downwards. If the seed lies in contact with the 
host-root, or very near to it, the root-tip of the parasite immediately 
forms a bell-shaped swelling (Figs. 1 and 2), which applies itself 
closely to the surface of the maize-root and gives rise to the first 
haustorium. * It is to be noted that the swelling begins to form 
before the tip comes into contact with the main root of the maize, 
though it may be that contact with the root-hairs supplies the 
necessary stimulus ; also that the swelling in its first stages 
produces root-hairs. 

If, on the other hand, the seed lies at some distance 
from the host-root, the first root of the seedling becomes 
much elongatedf (Fig.|3) and only forms the haustorium when 
the contact is established. It is probable that a seed germinating 
at a considerable distance (say 1-2 cm.) from the nearest 
host-root never succeeds in forming this haustorium, and there- 
fore does not cause infection. In these cases the elongating 
root usually assumes a more or less spiral form, as if it lacked 
a directive influence, such as the maize-root clearly exercises 
upon seedlings germinating in its immediate vicinity. The 
food required for the growth which occurs before infection is 
completed is supplied by the endosperm of the seed, which is 
gradually absorbed by the cotyledons, and probably also by 
the upper part of the hypocotyl (Fig. 4). 

When the bell-shaped haustorium once becomes applied to the 
surface of the maize-root, one or more outgrowths quickly arise 
from the applied surface (Fig. 5 and Stephens 1. c., Fig. 6) and 
penetrate the tissues of the host. The maize plant is now infected, 
and the only practicable method of killing the witchweed is to kill 
the maize-root on which it has established itself. 

* This is not a suitable place for the discussion of (questions of formal morphology. It 
may, however, be pointed out here that many authorities (e.gi., Goebel, Heinrioher, etc.) regard 
haustoria of this character as organs sui generis ; others (e.gr., W. A. Cannon) consider them to 
be modified roots. In Striga, as in Krameria (c/. Cannon, W A. Hoot-habits and Parasitism 
of Kram&ria canescens. Gray, 1910), the first haustorium of the seedling is a structure produced 
from certain tissues of the root -apex. Wliile this does not prove conclusively that the haus- 
torium is a modified root, it is nevertheless favourable to that view. 

elongated region is no doubt a hypocotyl. P 
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Soon after tlie stages now described, the terminal bud of tlie 
stem (Fig. 4) is set free from the cracked seed-coat (Figs. 5, 0), which 
usually adheres for some time to one of the cotyledons or to the lo\\ ei 
part of the stem. The young stem now takes an upward direction 
(Fig. 6) and grows towards the surface. The rate of this growth 
varies within wide limits, and is no doubt determined by nutritive 
conditions, the precise nature of which is obscure. Probably the 
seedling stem grows very slowly, taldng some weeks to reach the 
surface, when it is deriving its food supply from a very young maize 
plant- when, on the other hand, the maize plant is already wel 
grown before the infection is estabUshed, there is reason to believe 
that the witchWeed seedling grows much more rapidly. 

In the following instance the maize plant was almost certainly 
infected very early in its history ; it grew very slowly and in seven 
months attained a height of only 6 inches above the ground. 

Bspebiment 46c. 

1911 24th December.-Oue HTokory King seed planted in pot of naturally 

* jjifected soil from Koedoespoort, Iretona. 

1912 24th Eehruary.-Eirst witohweed plant appeared above ground. 

19 f Sth Eebruary.-Seoond witohweed plant appeared above ground 

Ibli 29th Eebruary.-Third and fourth witohweed plants appeared above 
ground. 

1912, 5th March.— Fifth witohweed plant appeared above ground. 

1912 6th March.-Sixth witohweed plant appeared above ground. 

mi 8th March.-Seventh .vitchweed plant appeared above ground. 

1912, 15th Maroh.-Eighth witchweed plant appeared above ground. 

Culture maintained until 19th June, but no other witchweed 

course, no inioimaaon us to the dates at which 
the eight witchweed seeds began to germinate, but from the 
LwWgetenkhedhy other cultures it is probable that som 
of them produced seedUngs within a week of the germination o 
the mais;. This would give a period of 

subterranean growth of the witchweed. Incidentally may be 
noted that this culture shows thatasingle malse plant may support 
as many as eight witohweeds and yet remain ahve for seven months. 

The primary root of the seedhng produces a single haustoilum. 
This does not long suffice for the rapidly increasing needs of the 
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life-Mstory of tlie witcHweed, viz., tie period during wMoli tlie young 
seedling is making its way to tie host. This period is short, perhaps 
never exceeding a few days. Any remedial measures that may be 
effective must be so used as to be available during this period. If 
infection is to be prevented altogether, these measures must be 
available throughout the whole period of growth of the maize-roots 
and at all points which they reach. In most cases this will be 
impossible for various reasons, some of which will be discussed 
later. The best that can be hoped for in a soil containing a great 
quantity of witchweed seed is to keep the maize free from infection 
during the first month or six weeks of its growth. Later infections 
do not, as a rule, ruin the crop, and the witchweed plants resulting 
from them are more easily dealt with by mechanical methods. 

The destruction of the witchweed seedling. 

The problem, then, is to Mil the witchweed seedling before it has 
found and attached itself to the host. The means adopted must 
be such as will not also Mil the maize. This excludes a number of 
well-known poisonous substances arsenic) which would un- 

doubtedly be effective for the witchweed alone. Other poisons {e.g., 
carbon bisulphide) which are frequently used on a small scale for 
similar purposes are useless here on account of the expense. 
But there are other substances (e.^., copper sulphate), of which 
quantities wMch would not be sufficient to injure the maize might 
nevertheless destroy these delicate witchweed seedlings. Experi- 
ments on these lines are now being conducted, and it is hoped that 
definite results will be obtained in time to be tested in the field during 
the coming season. At the same time it is obviously undesirable to 
resort to such a method until all others have failed. 

A more economical method would be the use of substances 
which would, at the same time, assist the growth of the maize 
and retard or altogether prevent that of the witchweed seedling. 
The study of such a method has been the principal subject of 
investigation during the past year. 

The growth of a root in the soil depends, amongst other things, 
upon its powers to absorb fluids from the soil, i.e., soil-water. This 


188 


AaElCULTtJRAL JOUENAL OP iNtolA [XVIL tt, 


power in turn is determined by the nature and the concentration of 

the solutions contained within the cells of the root. If, instead of 

ordinary soil-water, the young roots meet a solution sufficiently 

concentrated, then the fluid passes out of the root instead of into it, 

and this means the cessation of the growth of the root, at least for 

. a time. H this abnormal condition can be maintained long enough, 

the root will be killed. Now we have two roots to consider, vh.’ 
the maize and the witchweed. It is possible that the cells of the 
witchweed root will withstand a higher degree of concentration of the 

soil-water than the cells of the maize.i But even if this is the case, 
if the concentration of the soil-water is sufficiently high, the extreme 
delicacy of the first root of the witchweed justifies L hope that it 
may be killed before it has had time to adapt itself to the new 
conditions. The more robust maize-root will in the end almost 
certainly possess a greater power of adapting itself to higher degrees 
of concentration^. Also, it is not Improbable that the concentrated 
I , f absorbed by the seed in its early stages of germination may 

HJ before the root emerges from the seed-coat. And 

t ere is a further, if perhaps smaller, possibility that certain 
substances Imown to exert a favourable influence upon the growth 
o. the maize, either generally or in particular soils, may prove to 
have a directly poisonous action upon the seedling of the parasite. 

Among common substances which can be used to increase 
the concentration of the soil-water for the objects above described, 
he following are the most effective in the order named (those 

bracketed together being equivalent):— 



1. Potassium citrate. 

2 fMagnesium chloride. 

1 Calcium chloride. 

Potassium acetate. 

„ Sodium chloride. , . 

Sodium nitrate. 

Potassium nitrate. 

’ MaoDougal, D. T., and Cannon, W. A. i. o. 

P1»nL™ w”!,' PJ Osmotic Properties o£ tlie lEoot-hars of certain Marsh 

riants. New Ph^lologtsl, Vll (190S), 
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Of these substances, three, m., sodium chloride, sodium nitrate, 

and potassium nitrate,! paxticularly the two last, are known to 
possess considerable manurial value for maize. But in the case of 
the nitrate some of its manurial value must be sacrificed if used for 
the purpose described, for the best efiects upon the maize are obtamea 
when it is applied at least a month after sowing ^ ; if it is to interfere 
successfully with the germination of the witchweed a much earlier 
application is necessary. 

Many laboratory trials of salt and nitrate have been made. 
The substance was mixed with the soil above the layer of witchweed 
seed (B, in diagram on p. 174), for if applied in the field after the 
sowing of the maize it will not be possible to place it far oeneath the 
surface. But as long as it is not too far from the place which will 
afterwards be occupied by the maize-roots, It will sooner or la er 
reach it by diffusion. The following are examples of the results 

obtained . Experiment 62 (control). 

1912, 26th Pebruary.-Infeoted soil froxn Springbok Plats in large pot. Two marze 
seeds planted. 

1912, 4th 

1912, 19th Maro . ^ infected with witchweed in many 

places. 

1912 22nd April.— Two witchweed plants up. 

"S leaves smaU. discoloured and droop- 

’ ing. Small tassel appearing. 

As the necessary temperature could not be maintained longer, 

the experiment was discontinued. 

Experiment 63. 

in among tlie surface soil. ,, , . 4 . \ 

• T^ionf. iiT) (The second seed did not germinate.) 
1912, 4th March.— One maize plant p- i , jotust than that of 52 on 

1912, 19th Mareh.-Maize plant much larger and more roou 

1912, 22nd March.-Tria™ potassium nitrate stirred 
of soil. 

1912, 22nd Maize plant 3 feet high, robust, 

1912, 19th June.— No more witchweed had appearea. i 

forming cob. — 

rBu^-^gar, J. F. Southern Field Crops, New York, 1911. -.qao 

^ 'nuggar. L. c. Ligle, H. A. 0 / dgnmtomi OAewsiry. London, im 
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1912 ^4th sample as in 52. Two maize seeds planted. 

1912, 4th Maroh.-Both maize plants up. 4 grammes sodium chloride stirred in 
among surface soil. 

1912, 19th March-Maize plants small, but robust, and apparently healthy. One 

1912 19th Tnup -NT Infected by one witohweed seedUng“only 

912, 19th June.-No other mtchweed plant appeared. Maize plant had not tes- 
selled, but otherwise appeared to be vigorous. 



Expeeiment 91 (conteol). 

“Conditions as in 90. 

-Hundreds of witohweed seeds had germinated, 


Experiment 88. 


1912, Sid May.-toe maize seed. 0-5 gramme sodium chloride mixed with the soil 

t from same sampb^ 

1912 1 5 tl, M “ Experiments 89, 90, and 91. 

. • ay. any ■witohweed seeds entangled in root-hairs of maize. Only one 
iSlln^irtb “t ““y®I*l»ese seeds were 

weed seed were replaced in pot ; a new lot of soil (B,) added 
1019 ^ A T ® planted. 

1912, 3rd June-One witchwe^ seed had germinated. The exposed root of the 
seedlmg was brown and shrivelled. No infection. 

Experiment 89. 

1912, Sid May.-Conditions as in 88, but only half the quantity of sodium chloride 
(0*-25 gramme) used. 

1012, 1 5th Ma>. —Thirty. four witohweed seeds entangled in maize xoot-hairs. Two of 
these had germinated, but in both cases the seedling root was 

cracked at micropyle. 

.. nother maize rootlet was in contact with over 100 witchweed 
seeds. Two had germinated. The cells’ of one were plasmolysed ; 
the other was dead. hTo infection. 


Expeeiment 90 (conteol). 


SS' ?^h sodium chloride used. 

1912, I6th May— Very numerous germinations and infections. 


wn used In these three preUminary experiments 

was obtained from the same sample and was therefore presumably 
umformly infected, the results obtained permitted the conclusion 
that sodium chloride and potassium nitrate are efective in reducing 
the infection These results were tested more precisely by eultmes 
arranged as described on p. 174. 
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Similar results were obtained by using nitrate instead of sodium 

chloride (Experiment 109, etc.). 

These experiments justify the conclusions that (1) the substances 
used to exercise a deterrent efiect upon germination, and (2) t 
effect is produced in the manner suggested (see p. 188), w., by 
causing the cells of the young root of the seedling to part wi 
their fluid contents, as a result of which they become plasmolysed 
and later shrivel up. These results are obtainec y 
Quantities which do not seriously interfere with the gioiyth of tte 
maize-root. But they give no information as to the period dunng 

le substance/appued under the 

Ild, may be ejected to be preeent in snffiolent quantity to be 

'®“tother possible method of preventing 

is based upon the fact that most plants show a preference eitier 

Sil^Scb* m albaline. A series of e.perimen^ 
soon stowed that an add medium is favonxable to fc 8“^ 

arranged for a different purpose. 

Expeeiment 240 (conteol). 

Joocn T1 174. Witoh-weedBeedfromsamplello- 

1913, SOthApril—CulturearraEgedason p. 174 

1913, 19tli May.— Two genmnations only. 

■ EXPEEIMENT 239. 

• 0.1 fi hit 4 Biaaunes of flowers of sulphur mixed 

1913, 30th April.-Conditions as in 240, but 4 gramme. 

.with s^. therefore was acid. 

1913, 19th May.-Sofl ,„lt„re 

previously examined. ^ ^ 

(Bnperimenta 287 and 238, in which smaller quantities o 

sulphur were used, showasmfc^nto^ witchweed, at least in 

An acid " ."Ji t^rfavourabk^ though less so 
ilrSetr fwin— ‘possible that an alhallne medium 
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would prove unsuitable. A satisfactory test for this was difficult to 
arrange. The soil can be kept alkaline for any requisite period by 
watering with weak solutions of alkalies, but this involves the 
use of a quantity of water sufficient to prevent the witchweed 
germination. It was therefore necessarv to use a substance which 
in the presence of a small quantity of water will continually produce 
an alkali. Such a substance is calcium cyanamide. This is a 
valuable “ fertilizer,” and is likely to produce a beneficial effect by 
forcing the growth of the maize. 

Calcium, cyanamide in presence of water evolves ammonia. 
It was found by daily testing with phenol-phthalein that 2 grammes 
of cyanamide mixed with the surface layers of silver sand in an 
ordinary flowerpot, 6 inches in diameter at the top ( Experiment 
47), kept the soil alkaline for sixteen days. In order to apply 
this test it was necessary to water sufficiently to cause a 
slight drainage. With less water and a more retentive soil the 
alkalinity would probably be maintained for a longer period than 
sixteen days. If, therefore, an alkaline medium proved to be 
harmful to the germinating seeds, a single application of a suitable 
quantity of cyanamide should enable the maize to pass the first three 
weeks of its growth without danger of infection. This view was 
supported by the results of the following experiment : — 

Experiment 87. 

1912, 3rd May. — One maize seed. 0*5 gramme calcium cyanamide mixed with the 
soil Bq (p . 174). Witchweed seed from the same sample 
( 59a ) as that used in Experiments 88, 89, 90, 91. 

1912, 15th May, No germination. Soil and witchweed seed replaced and new maize 
seed planted. 

1912, 3rd June. — ^No germination. 

The controls for this experiment (Nos. 90, 91) have already 
been described (p, 190). Similar results were obtained in other 
experiments in which the same or smaller quantities of the same 
substance were used. These seemed to indicate that germination 
was prevented by the ammonia evolved by the cyanamide. 

Owing to a somewhat short supply of mature seed and the 
limitations of time, it was not possible to investigate further the 
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described before tbe beginning of the 1912-13 

sufficient to 
These field- 


two methods now 
maize season. H( 

justify their application on a larger scale in 
tests will now be described. 

Field experiments, 

In attempting to apply the results obtained In the laboratory io 
experiments in the field, we are confronted wito certain difficulties. 

In the laboratory the conditions of the experiment are known and 
are subject to quantitative control for as long a period as may be 
necessary. If we attempt to stop gernnnation by addiirg certam 
substances to the soil, we can ensure that the substance remains m 
the soil by regulating the amount of water. This clearly cannot e 
done in the field, and consequently the amounts of any particular 
substance used in the laboratory give little indication as to the 
amounts which should be used in the field. _ There is 
outstanding difficulty encountered in certain seasons in the field 
which is easily overcome in the laboratory. It follows from what has 
been said above (p. 167) that, other things bemg 
maize plant sufiers more than an old plant. It is 
clear that in any method which may be adopted to retard the 
termination of the witchweed seed, the growth of the young 
SHhouldbeasrapid as possible. In the laboratory experi- 

Tents conditions favouring the ^^^I^Xs^fTr 

T, This is not the case in the field. buppose,ior 

eL^ie. i. 

which infection is foUowed by the most disastrous consequences. 
But if the sowing of the maize is followed immediately by a 
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laboratory conditions is to draw a bow at a venture with compara- 
tively little chance of success ; on the other hand, the application of 
laborator}’' methods to field-experiments opens up many difiiculties, 
which, in the main, are due to the fact that these methods must be 
applied to the soil of whose composition and behaviour in the varying 
conditions prevailing in the open field very little is known. 

Under the circumstances described, the amounts of the sub- 
stances used in the experiments referred to above do not give any 
definite information as to the quantities that should be used in the 
field. Since the substances employed (sodium chloride, nitrate, and 
calcium cyanamide) have been used in maize cultivation for manu- 
rial purposes only, it was decided, in the first instance, to apply quan- 
tities which experience has shown to be suitable for the requirements 
of the maize. These quantities will at least not be injurious to the 
maize, and they should be sufficient to give some indication of their 
effects upon the germination of the witchweed and of the necessity 
of employing perhaps larger quantities to secure a better result. 

Another disturbing factor that has to be reckoned with is 
the unequal distribution in the soil of the seeds of the witchweed. 
Therefore there must be borne in mind the possibility that the 
absence of witchweed from a particular experimental plot may be 
due, not to treatment, but to the absence of the witchweed seed. 
Then, further, the substances used in the experiment are either 
soluble in water or give rise to soluble products. An exceptionally 
heavy rain falling after they have been added to the soil must have 
the effect of diminishing the quantity of these substances in the soil 
layers which contain the maize-roots. Such a rain is described in 
the letter from Mr. C. H. Mitchell, which is printed below. The 
results of the experiments are therefore liable to be disturbed by 
exceptional conditions of drought or of rain. The latter difficulty 
may, of course, be usually overcome by fresh applications, which, 
however, are only possible so long as their cost falls within the limits 
of the profit on a normal crop. For it must be remembered that so 
long as the witchweed exists in any quantity in South Africa, there 
can be no complete and lasting eradication in any one district. 
Infection by wind-blown seeds it is impossible to prevent so long as 


Plan of field experiments. 
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there are seeds to be carried. Therefore the cost of any remedy 
of economic value must be well within the limits of the profit of 
a year’s crop. 

It was intended that these experiments should be laid down 
on five different farms, and in this connection I have great pleasure 
in expressing my Indebtedness to the following gentlemen for 
their kind co-operation, W3..' — 

Mr. C. H. Mitchell (Bushy Vales, Fascadale, Natal). 

Mr. A. E. Tidboald (Knapbrooke, Springbok Flats), 

Mr. Weir (Koedoespoort, near Pretoria). 

Mr. White (Sprmgbok Flats). 

Mr. Williams (Springbok Flats). 

Owing to the severity of the early drought prevailing on their 
arms, Mr. White and Mr. Williams decided to postpone the experi- 
ments to a more favourable season. Mr. Weir was unable to lay 

w originally planned. Mr. Mitchell and 

i r. iidboald carried out the experiments completely. 

j: J Tidboald’s 'plot on 15th and 16th April last and that 

° In both cases a drought prevailed at 

t e beginning of the season and sowing ivas late. At Knapbrooke 
the plots were situated on the reddish loam soil, an approximate 
analysis of winch has been given on p. 175. The following is the 
record kept by Mr, Tidboald 

1912, 27th to 30th December.— All plots planted except 
portions of Nos. 7 and 8, which, on account of the 
state of the weather on 30th December, were not 
finished until 3rd January. 

Later applications of the substances used were made at the 
times indicated on the plan. The rainfall during 
eceiuber aiuounted to 4*24 inches, distributed over 
twelve days (the falls on 30th and 31st December, 
respectively, were 0*8 and 0*72 inches). In January 
the total fall was 3*07 inches, spread over eleven 
days. On 9th and 13th January, respectively, the 
measurements were 0*55 and 0*58 inches. These 
were the only two days on which the falls e^^ceeded 
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0‘5 incli. Anaoimts of less than 0'5 inch falling 
within twenty-fonr hours are neghgihle in the high 
temperatures prevailing on the Springbok Flats in 
January. Therefore the plots were subject to an 
almost unreMeved drought during January, and 
consequently the early growth of the maize was very 
slow— a fact which militated against the success of 
the experiments. 

The results on these plots as seen on 15th and 16th April were as 


follows 


PiiOTS 1 Airo 2 — Infection severe, but probably rather less than in the Controls 
A and B. 

Plots 3 ais'd 4 — ^Infection severe ; probably worse than m Plots 1 and 2. 

Plots 5 aiH) 6 — ^Infection less severe than in other plots and than in the Controls 
D, E, and P. The best results were obtained with double appli- 
cation of nitrate in the lower half of Plot 6. 

Plots 7 and 8 — clear difference between these and Controls E and G. Ail badly 
infected. 

.t Koedoespoort tlie crop was more backward than at Knap- 
0 and the indications, therefore, less reliable. The results 
perhaps, further complicated by the fact that part of the area 
id by the plots had been manured during the previous season, 
as they could be read on 18th April, the results were sixnilar to 
described for the Knaphrooke plots. All the controls showeJ. 
veed abundantly and fairly uniformly. Plots 1-5 and 7 and 
\ TTiri rvY o Ijp'hf'.p.T tlifliTi tho controls. Plot 0 was 
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In the first case it was a very dry seasor, so that it was quite late 
before I was able to get the plot ploughed and planted. Then when 
the crop was nicely up we had that record rain— over 13 inches in 
less than a week — and that badly damaged the crop vdth big washes 
through it. In addition to that, it was not easy to get a large piece of 
ground uniformly bad with the weed ; as you well know, the weed 
shows generally in patches, and even badly infected lands are not 
uniformly bad. When, therefore, I came to take results of the 
experiments it was, under all the circumstances, no use pioldng the 
crop and Judging by the weight of mealies from each, as some were 
far more damaged by the water washes than others. The best I 
could do was to go carefully over the plots and, allowing for all the 
various items, judge on the ground as to general results. The result 
was certainly that sodium nitrate was most successful. Control A 
was very marked as between Plots 1 and 2, and Plot 6 was ahead of 
anything near it ; 3 also showed well. As to the other plots, when 
I had allowed for certain of the field being less infected than other 
parts of it and for the damage done by the floods, I could see but 
little result from either the salt or the calcium cyanamide, except 
that, I should say, the Plots 1 and 2 were better than 5, but I cannot 
say if that was the result of the salt plus the sodium nitrate, or if it 
was not a better part of the field. 

I am afraid this will not help you in the work, as we should 
both have liked, but it is not easy testing for this weed in the same 
way as one can test the result of a fertilizer on a crop. You can 
generally get a fair sized piece of land of equal value so as to give a 
fair test for fertilizers, but the patchy nature of this weed is against 
regular tests and the weather last season was all against us. 

Next year I propose to plough and plant this piece of land 
across the plots, giving it very careful attention, and I should bo 
able to judge better perhaps the second season than the first as to the 
killing eflect of the chemicals used. Certainly sodium nitrate seems 
worthy of further testing. - 

; . , Yours faithfully, 

: ’ . . : . . .. ■ . C. H. Mitchell. 
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■ The results of these three series of experiments agree fairly well 
atid seem to justify the conclusions that (1) the eSect of the nitrate 
was distinctly beneficial, (2) the mixture of salt and nitrate was less 
efiective, (3) the application of the salt made little difierence to the 
wltchweed, and (4) there was no result at all with the cyanamide. 
The nitrate certainly should be further tested, and it may be that 
increased quantities both of nitrate and of salt will give propor- 
tionally better results. 

These results further suggest certain conclusions as to the 
nature of the action of the nitrate. As was pointed out above, it 
was expected to act in two ways, viz., to produce (1) a quickening of 
the early growth of the maize and a consequent shortening of the 
period during which it is liable to be most seriously injured by the 
parasite, and (2) retardation of the germination of the witchweed 
seed. It was expected that the effect of the sodium chloride, if 
any, would be much less with regard to No. 1, but would be approxi- 
mately the same as the nitra te for No. 2. We are therefore probably 
justified in concluding that the slight beneficial effect of the nitrate 
was due at least mainly to the early stimulation of the maize plant, 
and that its effect in preventing the germination of the witchweed 
seed was small. And yet in suitable quantities both the nitrate and 
the salt do produce this effect. It is therefore probable that the 
quantities present in the soil werd not large enough ; this may be due 
either to the application of too small quantities or to the leaching 
out of these substances from the soil before they were able to make 
their influence felt. 

Sodium chloride was employed some years ago at Kentucky in 
an attempt to save crops of hemp and tobacco from a root parasite 
whose habits in many respects resemble those of the witchweed.^ 
So far as is known, the use of salt was not in this case tried on a large 
scale. The preliminary trials, however, indicated that with a 
surface dressing of salt of the amount of two tons per acre none of 
the seeds of the parasite germinated successfully, but the germination 
of the hemp seeds was also 
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months, and at the end of that time the soil still contained too much 
salt to permit of the free growth of the hemp. With half this 
quantity of salt (about one ton per acre) the infection of 
the broomrape was very considerably reduced and the germination 
of the hemp was fairly successful. This tends to confirm the 
view suggested above that the quantities of salt and nitrate used 
in the witchweed experiments were not large enough. But in 
increasing them we incur a double risk, for we may easily rise so 
much, as to stop the germination and growth of the maize, and. 
further, the amount necessary to produce the desired effect on the 
witchweed may be greater than the profi.t on the crop can stand. 

The nature and extent of the investigations having now been 
described, attention may be drawn to the general question of the 
cultivation of maize on witchweed-infected land. It is probable 
that the nitrate and the salt can be used in quantities sufihcient to 
check the germination of the witchweed seed. These quantities 
must, however, be limited by economic considerations, and it is not 
probable that these or other similar substances can be made 
effective throughout the whole period of the life of the maize plant. 
If infection during the early stages of the maize can be prevented, 
the crop will be saved. There are still the witchweed plants arising 
from seeds germinating late in the season to be reckoned with. 
These injure the maize plant, but will not as a rule prevent it from 
setting seed. But if they themselves are allowed to set seed a yearly 
infection of the land takes place. Apart from this, the presence of 
the witchweed plant in many districts in a wild state and in native 
maize patches constitutes a lasting source of re-infection. Some 
have hoped that in the natural course of things the parasite would 
“ wear itself out,” and that the problem would be solved by natural 
agencies. There is nothing impossible in this view, but it expresses 
a degree of optimism which, in the circumstances, is altogether 
rmwise and unjustifiable. There is not the smallest real reason to 
hope that the present generation will see a diminution of the pest 
except as a result of properly designed repressive measures. On the 
contrary, it is rather to be feared that unless such measures are 
successfully applied throughout the witchweed area, its ravages will 
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become greatly extended, and maize cultivation on certain wide- 
spread types of soil will become impossible. The problem is 
therefore one of extreme gravity. _ ^ ^ 

Itis therefore not sufficient to save the maize crop. It will, in 

addition, be necessary to adopt every possMe means of preventing 
witchweed plants from setting seed. This points to the urgent 
necessity of a more general application of the methods of intenswe 
agriculture to the cultivation of maize. In stating this conclusion 
it is realized that a large proportion of those who are engaged m t e 
maize industry are confronted with difficulties arising from shortage 
of labour and other causes. It must nevertheless be urged that there 

appears to be no reason to hope that the maize districts will ever be 

free from this pest, unless it is found possible either to obtain 
labour enough to keep the land clean, i.e., to prevent the wltchweed 
from seedling or to give up the cultivation of the maize on soils 
which are peculiarly favourable to the witchweed. 

A further measure which cannot fail to reduce the rate at which 
the mtohweed is now spreadingis the adoption of a s^tem of rotation 
of crops, as was urged by Mr. EuUer.i The maize is the only Sou^ 
African crop over which this parasite has obtained a complete 
mastery. In fact, there is no other which has yet been seriously 
iniured by it. The ordinary period of a rotation is certainly not long 
enough to free the land of living seeds, but even if no seeds died 
within the period, their opportunity of producmg a fresh crop 
would occur once in a period of years instead of annually as at 

Where land is badly infected, there is one method of eradication 
which is perfectly satisfactory in all respects, save those of money 
and time. This, the method of " trapping,” has been previously 
described®. If the field is sown with maize and ploughed up a inon i 

later, aU the witchweed which has germinated in the meantime is 

destroyed. If this process is repeated often enough the soil wi 1 le 
cleared of witchweed seed. Four or five such crops dunng wo 


» Fuller, i. e. 
Pearson, i. c. 
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successive years would probably reduce tbe seed, in even a very 
badly infected field, to such numbers that intensive cultivation in 
later years would reduce the loss to a minimum. Poor soils would 
be improved by so much green-manuring. But the cost in many 
cases at least will be prohibitive. In such cases the land should be 
used for some crop which does not furnish a favourable host for 
witchweed. 

I am indebted to Mr. J. Burtt-Davy for supplying me with 
information regarding the distribution of the witchweed ; to 
Mr. I. B. Pole Evans and to Mr. H. J. Vipond for the hospitality of 
their respective laboratories ; and to Miss E. L. Stephens and 
Miss H. J. Davison, who have assisted me Avith the experimental 
work, the greater part of which has been carried out in the 
Botanical Laboratory of the South African College. 

P. S. Since the above was sent to press a letter from Mr. C. H. 
Mitchell and a paper by Dr. Heinricher (“Einige Bemerkungen zur 
Ehinantheen Cattung Striga,” Per. d. D. Ges., XXXI, H.6.) have 
been received. The following extracts from Mr. Mitchell’s letter are 
published, since they bear directly upon the feasibility of using large 
quantities of salt (seep. 199) to check the growth of the 
witchweed: — ■ 

“ Eascadale P. 0., 

“ Natal, 6th June, 1913. 

“ There are two points arising from your letter that I wish to 
refer to . The first is as to the use of salt in large quantity es. . When 
the experimental plots were well up I was planting a very late field of 
mealies, and the plots 1 and 2 (see p. 195) looked so well then that I 
thought I would like to see for myself what a good dressing of salt 
would do on a piece of the late field that I knew was bad with witch- 
weed. I told my son therefore, who was in charge of the ploughing, 
to broadcast salt over the part I knew to be badly infected. This 
was done, but as it was only for a trial to please myself, the ground 
was not measured, neither was the salt exactly ; on one piece the 
salt was put on very thickly. This crop is now up and drying ofi ; it 
is a poor crop, as all oul* late crops are this year. But the important 


THE PROBLEM OP THE WITOHWEED 


203 


point I wisli to mention is this ; my sons assure me that over the 
land where the salt was spread broadcast there has been no sign of 
the witchweed, though in the grass lands near it has shown very 
freely. I have not made a personal inspection of that land, yet am 
quite satisfied with the statements made by my sons, as they are very 
keen.” 

In the paper cited, Dr. Heinricher questions the accuracy 
of the statement previously made that the witchweed completes 
its life-history during a single year. This statement has not been 
made for witchweed in the wild state, with regard to which the facts 
are not yet known. For witchweed as a parasite on maize, however, 
it is undoubtedly true. Apart from the fact that the maize is itself 
an annual, we have the results of the following experiment (No. 12) 
which are conclusive 

1911, August 1st.— Witchweed seeds received from Mr. Claude Puller (collected by 
him in Natal, in July 1911). Seed mixed with washed and 
sterilized silver-sand. 

1911, „ 2nd.— A pot culture prepared as described above (p. 171) but without a 

maize seed. The soil used was brought from Koedoespoort, 

Pretoria, and was carefully sterilized before beihgused. 

1911, November 9th.— One Hickory King seed planted. 

1911 , December 13th.— Maize plant very small. 

1911 , „ ' 16th,— „ « showing leaf discolouration. 

20th.^ „ „ with only five leaves of which lowest two are 

withered. Cfuiture examined. Many witchweed 
seedhngs foiini Maize plant removed. Soil 
replaced in pot and .watered. with Sach’s Culture- 
Solution ; two maize seeds planted, 

1912, February 10th.— One witchweed plant appeared above the soil. 

1912, „ 13th. — second witchweed plant appeared. 

1912, „ 29th,— First witchweed plamt in flower. 

1912, March 4th.— Flowers withering. Second witchweed plant in flower. 

For prudential reasons these plants were not given an oppor- 
tunity of setting seed. Similar results have been obtained in other 
experiments, and they place beyond doubt the conclusion that, as a 
parasite on the maize, the witchweed plant flowers in the same 
season as that in which the seed producing it germinated. 

National Botanic Gardens, - 

Edrstenbosch. ' \ ” 




PUSA PEDIGREE SANIWAL DAIRY CATTLE ; ANNUAL SALE. 


At tlie conclusion of the Meeting of the Board of Agriculture 
held at Pusa an auction sale of pedigree dairy cows and young male 
stock was held on the 18th February, 1922. The sale was well 
attended and most of the stock offered found a ready sale. Es. 36-5 
for a 2-year old bull was the top price. The cattle were shown in 
excellent bloom. Mr. Milligan, Agricultural Adviser to the 
Government of India, in opening the sale pointed out that the Pusa 
herd had now reached a stage at which the surplus stock exposed 
for sale were of excellent quality. 

When the final accounts have been settled, it is expected that 
00 head will average Es. 150. The stock went all over India, and 
the distribution of such pedigreed stock throughout the country 
will be of value in improving dairy herds in India. 

Mr. WjTine Saver acted as auctioneer and managed to dispose 
of all the animals in 2 1 hours. [G. S. Henbeeson.] 



THE CONNECTION BETWEEN SEED-WEIGHT AND 
LINT-WEIGHT IN COTTON. 

The question is often asked as to whether any attempt to 
increase the weight of Hnt on the seed of a cotton plant wiU mean 
also an increase in the weight of the seeds themselves, or whether it 
will be accompanied by a dimi n ution of the seed-weight. In the 
case of Egyptian cotton the question has been answered by the work 
of Balls, in that of Sea Island cotton by the ^ork of Harland, 
and in the case of Cambodia cotton by that of Hilson. AH these 
iav^t%atom find that, for the cottons with which they have worked, 
: m increase in the weight of lint does involve an increase in the weight 
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of seed, or, ia other Words, that there is a positive correlation 
between the two quantities, and they increase or decrease at the 

same time. , t .t. 

Does this correlation apply generally? We have had .he 

opportunitv of testing the point with three pure strains of the 
cottom? of Gujarat, all belonging to the species Gossypmi 

herhacewm- These were * ^ 

(1) Goghari E, a coarse, short staple type with a very nig 

ginning percentage of 48 or over. . i 

(2) Surtee-Broach 1 A (cyhndrical boll type). Tins is a gooc 

quality Surat cotton with a ginning percentage of about 38. 

(3) Surtee-Broach 1027 A.L.F. This represents the best class 
of Navasari cotton and hence the best staple cotton in Gujarat. 

its ginning percentage is about 34. , ^ i i 

On testing the question with about one hundred plan . . 

each strain the conclusion of previous workers with other typ^_ of 
cotton wos contaed. In 

between weight of seed and weight of hnt per seed, the actual fi„ - 

in each case being as follows • ■ 



Co-efficient of 

Probable 

■ ■ ■■ '/■ ■ . ' . , ■■■• ■ . . ■■ ■ 1. 

correlation 

error 


0-729 

+ 0-03 

1. Goghari E 

0-46 

+ 0-06 

2. Surtee-Broach 1 A . . • • 

0-62 

+ 0-049 

3. Surtee-Broach 1027 A. L. E. -. 

i 

1 - 


of cotton, therefore, an increase in the 

,eigM tf Unt per seei involves neually an — in of 

he seed in the Gujarat hefbaceum cottons. [M. L. Patel.] 




SCIEHUFIC AlID INDnSTRIAh BESEAROH. 

THK Report of the Committee of to ^ivy « te 
cientifio Industrial Research, tor to year 1920-21 (H.M. 
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Stationery Office, Price Is.), like its predecessors, provides a most 
comprehensive and informative review of the entire field of activity 
of organized research. The textile industry as a whole figures 
largely in the report, as might be expected, and whilst a summary 
of the references to the activities in this important sphere may 
indicate the extent of the ground which is being covered, yet all 
who are interested in the vast movement of organized research 
should not fail to read the entire report if only for the purpose of 
securing comparative information, as to activities in respect of the 
various industries afiected, for it is to be remembered that industries 
are more or less interdependent. The report of the Comnaittee of the 
Privy Council is a brief statement followed by the more exhaustive 
report of the Advisory Council. 

The Committee points out that, in addition to the limitation of 
the estimates for the current financial year, they have caused to be 
prepared, in accordance with Government instructions, preliminary 
estimates for 1922-23 showing a saving of 20 per cent, of the estimates 
of the current year. The curtailment of resources, due to financial 
stringency, is causing both the Committee and the Advisory Council 
very great anxiety, and the limitation is certain to involve 
postponement of a certain amount of research work. For the year 
1921-22, the estimates were reduced by 17 per cent. 

The Committee specially mentions the important work under- 
taken during the year by the Fuel Eesearch Board, a long series of 
experiments on the effect of steaming various coals in vertical gas 
retorts having been completed and a report issued. The expenditure 
on the Fuel Research Station during 1920-21 \vas nearly £50,000, 
whilst elsewhere than at the station the expenditure was £3,683, but 
over £3,000 was received by way of sale of by-products. The 
estimates for the coming year show an expenditure, after receipts, 
of about £55,000. 

The number of industrial research associations now approved by 
the department is twenty-six,, and during the year ending 31st 
March, 1921, grants to associations amounted to £74,557. The 
balance of the Million Fund then remaining unexpended was £903,205, 
and of this sum a large percentage has already been earmarked 
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for associations already formed. The total expenditure on special 
grants in aid of scientific investigations amounted to £20,912, and 
provision is made amounting to nearly £9,000 for their continuance 
during the current financial year. During the academic year 1920-21 
one hundred and thirty-two allowances to students were made, 
seventy grants to research workers to undertake independent 
research, and forty-three grants to scientific workers to enable 
them to employ assistance or procure equipment. 

The expenditure out of the vote of the department during 
1920-21 was £462,650— -made up of £373,821 from the Exchequer, 
£38,022 from interest of the Million Fund, and £58,806 from fees 
for tests, etc. The full total of expenditure of the department 
was £552,219. 

The report of the Advisory Council covers from 1st Angus , 
1920, to 31st July, 1921. Eeferring to the financial aspect of 
the work, it is stated that scientific research is the main, if not the 
only, source of fresh productivity in industry, and it is only by 
increased productivity that the world will find a way out of its 
present economic difficulties. Any reduction in the expenditure by 
Government on research which is considered by responsible men of 
science to be needed will react most rapidly, at the point where 
we are nationally weakest, on the number (not the quahty) of 
competent investigators coming forward. The effect of even a 
temporary set-back will be long continued and may be lasting, it is 
certain, the report adds, that unless increased provision is made tor 
the department in future years it will be impossible successfully to 
carry out the duties of co-ordination laid upon it by the Governmen 
in the interests of economy. 

Referring to the British Cotton Industry Research Association, 

the Report says, the Association has begun investigations into 
the structure of cotton fibre ; the effects of bacterm in causing 
deterioration of cotton and cotton goods ; the constituents of raw 
cotton ; and the moisture content and drying of cotton, defec ive 
sizing the variation of tensile strength with twist, measurement of 
theregularity of yarn, strength of yams, under a' varying stress- 
Reports on these problems^ have not yet been issuedjor wan 
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of adequatpc laboratory accommodation bas considerably hampered 
the work. The Association, however, is looking forward to the 
time when its laboratories at the Shirley Institute, Didsbnry, will be 
fully equipped. This Association has undertaken a survey of the 
literature relating to the cotton industry, and about 2,000 books 
and pamphlets have been catalogued. The Association has 
received considerable financial assistance from the trustees of the 
Cotton Trade War Memorial Fund on the recommendation of the 
Cotton Reconstruction Board. The Association has received the 
sum of £ 50 , 000 , and it is understood that it will receive further 
contributions of £ 30,000 per annum for five years. This great 
accession to its funds, it is pointed out, will afford a good 
opportunity of demonstrating how organized research on a co- 
operative basis can be of benefit to all the branches of the industry. 
[Journal of the Textile Institute, November 1921 .] 

QUEENSLAND COTTON GROWING : EXTENSION OF THE 

INDUSTRY. 


The Australian Cotton Growing Association, Linuted, has 
decided to begin operations in Queensland, where cotton has been 
grown for the past 60 years, having been first introduced at the 
time of the American Civil War. Cotton growing was then carried 
on profitably, but later it was abandoned owing to the lack of cheap 
labour such as was available in the United States. 

This season about 900,000 lb. of cotton was produced in 
Queensland from 1,590 acres, and it is anticipated that a higher 
average will be attained later when the growers have acquired 
more experience. Judging by the applications received for seed for 
next season, it is estimated that 14,000 acres will be planted. 

Discussing the prospects of the industry with a representative 
of “ The Times ” Sir James Hunter, Agent-General for Queensland, 
said that the increased cost of production in the United States and 
the higher prices obtained for cotton had made it possible to carry 
on the industry in Queensland with white labour. The laud in that 
State cost only one-twentieth the;^price of cotton land in America. 



notes 


Long staple cotton. 


Mr. W. H. Johnson, F.L.S., has. reported that the cotton 

growing area of the State extended for 1,300 miles along the coast 
and for 200 miles inland. Dealing with the northern belt, he said 
that the latitude, climate, and soil were similar to those of the 
American cotton belt, and being rather nearer the equator were less 

liable to damage from spring and autumn frosts. _ 

Sir James Hunter added that the Queensland Government had 
intimated their willingness to make land available for the companj . 

The Hon. Robert Vaughan was now on his way to Australia ii 
comexion with the project. Mr. Armstrong, who hM 
investigations into cotton growing in Amenca and Eot , 
oin Vaughan early next year. The company ^ ^ ” 
’order for a saw gin which would be despatched 
for the treatment o£ the coming season a crop. A smalta yn <> 
roller type to deal with the longer staple cotton h“““ 

grown snccessMly in Queensland was also ^ be 1 

toped that the '““^er etaple vane y wo U 

principal variety grown there. “ * 1 ,^ ^^„toter 

to Egyptian cotton. 

Guakantee op ISei. pep. lb. 

So far no cotton disease had ' 

precaution was being taken to prevent the 1 

importationspf infected seed. ^ arranged with the 

“ Last year,” continued Sir James i S 

British Cotton Growing Association a ^ quality that has 
per lb. for five years for long stap e co ^ £10,000 on 

been submitted to tests in tto ^ ^^^as done to 

the total loss to be borne by the that 

encourage cotton growing in agricultural operations 

farmers who had already growing without some such 

were disinclined to take up cotton growing ^ 
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guarantee. Tlie first consignment of cotton under tlie guarantee 
sclieme lias just reached Manchester. . 

'‘It is possible that Italians or Maltese will be encouraged to 
take up cotton growing in the State. Settlers of the former 
nationality have already proved satisfactory in agricultural 
districts, being both industrious and well-behaved.” \The Times 
Trade Supplement, 1st October, 1921.] 

♦ 

■ ♦ * 

COTTON RESEARCH. 

Through the courtesy of the British Cotton Industry Research 
Association, the Secretary of the Indian Central Cotton Committee 
hassentthefollowingabstractsforpublication;— 

SHEDDING OP cotton FLOWER BUD. 

A general discussion of the causes of shedding in cotton in which 
attention is drawn to F. E. Lloyd’s work and conclusions. In 
addition to the structural and environmental causes indicated by 
him, genetic* factors are probably largely responsible for cotton 
shedding ; for example, blasted buds are due to hereditary 
malformation of pedicels. {Jowr. Heredity, 1921, 12, 199-204. 
O.F.Cook.] 

Control of boll weevil. 

The destructive power of the cotton boll weevil is increasing as 
the insect becomes acclimatized. The infestation is spreading 
rapidly throughout the American cotton-growing area. ■ The 
■Department of Agriculture states that the pest can be controlled 
by the application of calcium arsenate dust at the right season and 
' in the right way. A proposal to prohibit the planting of cotton for 
one year has been made. Parasites which prey on the boll weevil are 
' increasing in number and efiectlveness. A method of fumigation of 
seed has been developed, as it is sometimes necessary to transport 
seed from an infested area. [Text. Bee., 1921^ 39, 52-^53, 
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CONTEOL OF PINK BOLLWOEM. 

Fumigation tests have sFown ttat infested seed can ^ be 
satisfactorily disinfected by carbon bisulpbide. Hydrogen cyanide, 
at atmospheric pressure, has not sufficient penetrating power to be 
effective to a greater depth than a few inches. The use of arsenical 
poisons in the field for the control of pink bollworm has yielded only 
negatire lesuto. The k™ of the pink hollwoim are veij' resistant 
to water, and have survived forty-eight hours immersion,^ and ar 
in dry bolls have survived a period of seven or eight days immersion. 
CareM study of malvaceous plants other than 

made to determine the possibility of their servmg as ;i 

’h— . In no Le has the p» boUworm ^ found^ 
Let any of these plants in Te^s. Nem, B. W. 1. 1921, 

20 , 90 .] 

Mioeotomt. 

A rapid method for cutting microscope sections of cotton 
A rapia men it consists m mountmg 

yams and fabrics “^lelllse Letate or nitrate solution 
the specimen on a slide with embedding iu 

applM in layers, stripping from he f ^as 

pLaffin wax and C -etions 

been found to be the reneated applications of 

monnted in this medium mil stand 
aMne reagents without fallmg over. 

12 , 99-100. E. S. Willows and A. 0. Alexandh-e j 


THuIndianTradeCkmmissionermL^ndonta 

to tie £°^te ViUe, South Carolina, on a 
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many eases, curtailed operations and credits to the points where 
farming was stifled and labour was forced to leave the country to 
prevent starvation. There are signs that a similar panic may occur 
in parts of this State unless means are taken to re-assure the people 
and point out a safe course for agricultural operations under boll 
weevil conditions. To this end a group of practical farmers and 
businessmen, in co-operation with the Extension Bureau, have 
stadied the situation in the light of their own experience and that 
of other States and the accumulated experimental results of 
Governmental agencies, and beg leave to present the following 
suggestions and programme as one which will meet the situation, 
preventing demoralization and enabling our farming and business 
interests to continue profitable operations. 

It is especially important to prevent our people from 
stampeding into new and untried fields of agriculture in which 
they will fail for lack of information and experience. Promising 
new crops should of course be tested and where proved successful 
should be increased as rapidly as the people gain experience but not 
faster. 

The problem is not so much as to what to do as it is how to 
re-assure the people and get the information of how to proceed to 
every farmer, renter and share-cropper in the State. This must 
be done, if it is done at all, by the larger farmers, merchants, bankers 
and professional men who should make it their business to reach 
the isolated farmers and tenants and discuss with them the 
programme of operations under boll-weevil conditions. The 
greatest responsibility rests upon the landowners. If they are 
going to continue to own their lands, they will be obliged to see to 
it that those who farm them have correct information and closest 
supervision, for the average farm tenant must have sympathetic 
and correct instruction and active supervision until he thoroughly 
learns the new methods of operation. 

A few broad principles of. operation for the whole State may 
be suggested : — 

^ First. Destroy immediately all cotton stalks as soon as the crop 
is gathered. This will prevent the hatching of millions of new 
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weevils during October. Tbe old weevils do not bibernate until 
cold weather and tbe destruction of tbeir food supply will cause 
them to die before frost. Tbe carrying out of this suggestion at 
once is imperative and every effort should be made to induce 
every farmer in tbe State to do this work at once, for, if only a 
few do it, it will have little effect in reducing next year’s weevil 

supply. . 

Second. During tbe fall and winter destroy all cover m wbiclr 

weevils may be biding, burning ditcb banks and margins of woods 
and cleaning up around stumps. Fodder and bay stacks should not 

be allowed to remain near cotton fields. ^ _ 

Tlmd. Cotton should be liberally fertilized with a quick acting 
fertilizer containing about .50 lb. of available phosphoric acid per 
acre, ammonia and potash to be used according to the character anc 
relative fertiUty of the soil. All applications of ammoma shou d 
be put down before the middle of June. Over-doses of potash have a 
tendency to delay maturity. Where the weed grows tall only a smai 
amount of ammonia should be used as it always delays maturity and 

encourages overgrowth of stalk. _ 

Fourth. Early planting of approved varieties of cotton ui 
plentv of seed. The farmer should save at least three bushe s o^ 
good;eed for each acre he is going to plant. He 
least two biishels before April 1 in the lower hall of the State an 
before April 10 in the upper half of the State, reserving a bushe 
p:* aore.'^ If a stand is Lt secured by the h^t P -tmg he should 
plant over not later than April 10 in the lower ^ “ 

the upper half. If large quantities of seed are . 

are usLlh- secured from extra early plantings and the experience 
is that uMer boll-weevil conditions the peatest ^ 

made from the earUest plantings. If stands are no , 

a comparatively early stage, the land intended for cotton shomd 

^ Cotton should be left thick in the drill. This distance 

should vary udth the height of the natural growth of ‘it’ 

3' or 4" not being too close as a Mnimum an or 
a maximum. 
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THe question of poisoning for boll weevil is still in the 
experimental state but your Committee believes that poisoning with 
calcium arsenate is valuable, especially if done at the proper time 
and under favourable conditions. Heavy damage from plant 
lice following dusting with calcium arsenate early last August 
makes us doubtful as to this treatment when applied at that 
time. The weevils should also be picked from the plant in the 
early stages, and as soon as punctured squares are noticed 
they should be picked up twice per week until mid-summer. 
Eapid and thorough cultivation at all times should be employed 
and the crop should be gathered as fast as open to insure 
a high grade. In no case should more cotton be planted 
than can be properly handled at all stages and promptly 
picked by the labour on the farm, for it is the height of folly 
to plant a crop and let the boll weevil eat it up for lack of 
attention or allow it to become blue in the fields for lack of picking 
force. 

The experience of many of our best farmers and numerous 
experiments conducted under the auspices of the Experiment 
Stations prove that it is absolutely essential in almost all 
sections to use around 300 lb. per acre of acid phosphate imder 
cotton. In most cases if the amounts applied vary much, 
either above or below this standard, the crops were less 
profitable. 

Everywhere it must be insisted on that the individual farmer 
and tenant raise an abundant supply of food and feed and that this 
food and feed be properly conserved. The man with a crib full of 
corn and hay, a smoke-house full of meat and molasses, a hundred 
bushels of sweet potatoes in a storage house and a garden full of 
vegetables cannot be put out of business by the boll weevil or any 
other pest. 

Storage houses for keeping sweet potatoes should be 
everywhere constructed, as this is one of the greatest crops we 
have and one which every farmer can raise. 

The note concludes with special suggestions for different 
tracts of South Carolina. 



NOTES 


COTTON EXPERIMENTS IN MESOPOTAMIA.* 

The paper describes an. experiment carried out with a variety 
or form of tbe American “ Webber 49,” called “ Mesopot WMte.” 
In spite of lack of irrigation, owing to disturbances in the country, 
1,250 lb. of seed cotton per acre were obtained over the 80 acres 
used for the experiment. Other experiments giving promise were 
carried out ydth Egyptian cotton. There is now enough seed of 
Mesopot White available to plant 2,000 acres. The experiments 
have shown that the industry would provide full-time occupation 
for Arabs during the summer months ; even with irregular treatment, 
yidds equal to the average of Egypt can be obtained; the Arabs 
can be taught to cultivate cotton intensively as in Egypt ; and that 
cotton growing on a large scale would provide for the prosperity 
of the country in general. [W. R. in Jouf. T^xt. Inst., 12th 
December, 1921.] 

* 

CULTIVATION OP PIMA COTTON, f 

Ebom the results of field experiments it appears that thorough 
cross-polHnation leads to an increased yield of seed and raW' cotton. 
Bee-keeping near the cotton fields is advocated. [J. 0. W. in Jour. 
Teat. Inst., 12th December, 1921.] 


XIX, pp. 227-229. 

Jour. Heredity, XII, pp- 99-101. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, ^ 

MEETINGS AND CONFERENCES, ETC. 



Jic 

Mr. D. Ananda Rao, B.Sc., has been appointed Deputy 
Director of Agriculture, IV Circle, Madras. 


The post of Imperial Cotton Specialist in the Imperial 
Department of Agriculture is abolished with effect from the 9th 
August, 1921. 


Messrs. S. C. J. Bennett and H. Cooper have been appointed 
Second Bacteriologist and Pathologist, Imperial Bacteriological 
Laboratory, Muktesar, respectively. 


Mr. G. F. Keatinge, C.I.E., I.C.S., Director of Agriculture, 
Bombay, has been permitted to retire from the Indian Civil Service 
from the 27th October, 1921. 


Mr. Ganda Singh Cheema, Horticulturist to the Government 

of Bombay, was on privilege leave for 15 days from the 3rd Februarv, 
1922. 


Mr. G. Evans, C.I.E., Director of Agriculture, Bengal, has been 

appointed to act as Director of Fisheries, Bengal, in addition to his 
own duties* 


^ Mr. Saadat Ullah Khan has been appointed Deputy Director 
of Agriculture, Madras. 
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Messrs. Angus McLean, Alec. A. Henry, H. T. Eobertson 
E. Watson, who ha-ve been appointed to the Indian 
cultural Service, have been posted to Burma as Deputy 


Mr. H. W. Blake, Agricultural Engineer, i^inai ana uub&d., 
was on leave without pay from the 15th to 28th February, 1922. 

Mr. E. L. Sethi has been appointed Economic Botanist 
United Provinces, 


JoPLEY, Agricultural Engineer, Central Provinces 

has been confirmed in his appointment. 


combined leave, Mr. F. J. Playmen, A, 
Agricultural Chemist, Central Provinces 


On return from 
has been reposted as 


The Twelfth Meeting of the Board of Agriculture in IndM 
was held at Pusa, under the presidency of. Mr. S. i^ul 

tural Adviser to the Government of India,, rom i _ . 

February, 1922. There were eleven subjects on the agenda _ to 

I- aad the n,eetiug was attend«l hy SO member 

visitors. A detailed account of the meeting, together v ith _ 
v,i.n+r.«rt,.Tib of the Board, will be issued in the next numbei o. 




Statistical Supplement to the Final Report of the Nitrogen Products 

Committee. (Published by H. M. Stationery Office, London, 

1921.) Price Is. 

In this publication the data previously published have been 
Revised and corrected in the light of the most authentic information 
which has become available since the publication of the final 
report. 

The tables have, further, been brought up to date by the 
inclusion of figures for the year 1920. 

The publication j is of the greatest interest to agriculturists. 
A striking set of data are those relating to the world’s resources 
in nitrogen products immediately preceding the war and at the 
present time. 

We find that the total productive capacity from all sources has 
been doubled between the years 1912 and 1920, and amounts now 
to somewhat over 1 '5 million metric tons of nitrogen per annum. 

The main increases have been obtained from by-products 
ammonia (141,000 tons) ; cyanamide (302,000 tons), and synthetic 
ammonia (308,000 tons). 

It is significant also that 43 per cent, of the world’s supply is 
now derived from fixation processes. 

Another aspect to which attention is directed, is the demand 
for nitrogenous fertilizers, the increased use of which, since the war, 
is noteworthy. 

In the United Kingdom, for example, the average pre-war 
application of nitrogenous fertilizers amounted to 24,000 tPns of 
nitrogen. In 1919 the actual quantity so used was 58,000 tons. 

( 218 ) 


EEVIEW 


219 


Similar increases have occurred in other countries. Further, it 
is estimated by competent authorities that the already very large 
total consumption of nitrogenous manures in the* United States of 
America will be doubled within the next seven years. 

To meet this anticipated demand, chemical research work on 
nitrogen fixation problems is beiug vigorously prosecuted both in 
Europe and in America. 

To enable agriculturists to follow closely this race between 
supply and demand, it would be an undoubted boon if the 
publication under consideration could be periodically brought up 
to date to show how the world’s nitrogen position is developing. 

With regard to the relative merits of the difierent fixation 
processes and the prospects of the by-products and Chili industries 
little can be said, until more definite data concerning the Haber 
process and its modifications are available. 

The present favourable position of German agriculture in the 
matter of nitrogenous naanures deserves comment. The jJroducts 
of the fixation plants in Germany at present yield a large income to 
the State from direct taxation (amounting roughly to 100 per cent, 
of the cost price at the works). In spite of this tax the cost of 
nitrogenous manures in Germany is much lower than in England 

which has an open market. 

These facts might, with advantage, claim the serious attention 
of the general public. [F. J. W.] 
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